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0 Method and apparatus for rapid nucleic acid sequencing. 



® An automated nucleic acid sequencer is provided comprising an oligomer synthesizer, a ^^^jb^^"^ 
a^ray a detector and a central computer. The synthesizer synthesizes and labels multiple oligomers of [arbitrary] 
predicted sequence, which are transported to selected membranes contained within a membrane ""'t ar^^^^^^ 
where they are hybridized to sequencing pattems bound to the membranes. A detector detects the ^^Vbnd.zed 
sequencing pattems and sends descriptions of those pattems to the central computer which ^nalyzes^^^^^^^^ 
descriptions to construct a nucleic acid sequence, predicts a next set of oligomers for subsequent hybnd.zatu^ns, 
and selects corresponding membranes for hybridization with each predicted oligomer Under computer ^^^^^^^^^ 
synthesis of multiple oligomers, hybridization within multiple membranes, detection of the resulting patterns on 
multiple membranes, prediction of next oligomers, and selection of corresponding membranes, proceed 
simultaneously in accordance with the steps of a method of automated sequencing. Also provided is a method 
for automated nucleic acid sequencing. 



CM 

in 



Q. 

LU 



Rank Xerox (UK) Business Services 



EP 0 514 927 A1 

This invention relates to a method and apparatus for automating the steps of nucleic acid sequencing. 
More particularly, this invention relates to a computer controlled sequ ncer that p rforms an iterative 
process of synthesizing sets of predicted oligomers, hybridizing each synthesized oligomer to sequencing 
patterns immobilized on a selected membrane contained in an array of membrane units, detecting the 

5 hybridized patterns, analyzing those patterns to construct nucleic acid sequences, and predicting next sets 
of oligomers and selecting corresponding membranes for subsequent iterations of synthesis, hybridization, 
detection, analysis, prediction and selection. 

For more than a decade, scientists have utilized nucleic acid sequencing techniques to identify and 
study genes and their products. Traditional DNA sequencing techniques utilizing chemical cleavage (Maxam 

TO and Gilbert, Proc. Natl. Acad. Sci. USA , 74, pp. 560-564 (1977)) and chain termination (Sanger et al.. Proc. 
Natl. Acad. Sci. USA, 74, pp. 5463-5467 (1977)) are well known to those skilled in the art. Although different 
in principle. tK)th techniques generate separate populations of labelled oligonucleotides that begin from a 
fixed point and terminate randomly at a particular type of residue. Gel electrophoresis of such populations 
generates "^ladders" from which the DNA sequence can be read. 

75 The academic and commercial demand for nucleic acid sequence information has increased to the 
point that it is now desirable to begin sequencing not just isolated genes, but entire genomes of 
microorganisms, plants and animals. For instance, sequence information from the human genome, provided 
by the Human Genome Project, is expected to enable vast progress in disease diagnosis, treatment and 
drug design. A variety of sequencing methods are currently being employed in genomic sequencing efforts 

20 as welt as in small-scale sequence determinations. 

"Genomic sequencing," which was first developed in 1984, involves direct chemical modification of 
unlabelled genomic DNA, combined with complete restriction enzyme digestion and size separation on a 
denaturing gel. Numerous co-migrating sets of DNA sequence ladders are produced that, after transfer to a 
membrane, can be visualized independently by probing the membrane with a single-stranded labelled 

25 probe specific for one end of one restriction fragment within the genome [G.M. Church and W. Gilbert, 
"Genomic Sequencing". Proc. Natl. Acad. Sci. USA . 81, pp. 1991-95 (1984)]. Because the DNA sequence is 
determined directly from genomic DNA, without the necessity of intervening cloning steps, this technique 
also permits study of naturally occurring DNA modifications and DNA-protein interactions. 

Recently, two new techniques have been developed that allow faster and more efficient DNA sequen- 

30 cing. The first, "multiplex DNA sequencing." involves formation of artificial genomes from mixtures of 
sonicated genomic fragments inserted into multiple vectors adjacent to various "tag" oligonucleotides. The 
DNA is chemically cleaved, electrophoresed, transferred to membranes, and then probed repeatedly with 
oligonucleotides complementary to the "tag" sequences in the vectors [G.M. Church and S. Kieffer-Higgins, 
"Multiplex DNA Sequencing." Science . 240. pp. 185-88 (1988)]. 

35 The second technique, "multiplex walking," is described in 0. Ghara et al., "Direct Genomic Sequen- 
cing Of Bacterial DNA: The Pyruvate Kinase I Gene Of Escherichia Coli ," Proc. Natl. Acad. Sci. USA . 86, 
pp. 6883-87 (1989). This technique utilizes the genomic sequencing technique described above. When a 
labelled oligomer is hybridized to a membrane containing the chemical cleavage products of restriction 
digested DNA. sequence appears wherever the oligonucleotide lies near a restriction site. For each 

40 restriction digest, sequence may be readable in either the 5' or the 3' direction, depending on the location 
of the oligonucleotide relative to the restriction site. Confirming sequence appears in the lanes derived from 
other restriction digests. Thus, each probing reveals the sequence of one strand of DNA extending in one or 
both directions from the location of the oligonucleotide. Sequence can be read from the hybridization site of 
the probe along the length of the restriction fragment, until extraneous sequences that originate from the 

45 next restriction site obscure the sequence ladder. Sequence from the complementary strand is generated 
on separate membranes by using complementary oligonucleotides. 

After the sequence from the first hybridization is determined, new probes are synthesized, with their 
sequences being derived from that portion of DNA that contains restriction sites and that is located near the 
5' and 3* ends of the newly generated sequence. When the membranes are rehybridized with the new 

50 probes, additional sequence ladders are revealed. Repeated cycles of oligomer probe synthesis and 
subsequent reprobing permit sequence walking along the genome. [See 0. Ohara et al., supra .] 

Despite the development of the DNA sequencing techniques described above, the cost and time 
required to sequence the number of nucleic acids now being studied presents a great hindrance to current 
res arch efforts. There xists, th refore, a great demand for faster, more efficient, and less exp nsive ways 

55 to sequence DNA. 

Th pros nt invention solves the problems referr d to abov by providing a method and apparatus for 
automating nucleic acid sequencing and for increasing the speed and efficiency of nucleic acid sequencing. 
It is an object of this invention to provide an automated sequencer that will perform nucleic acid 
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IS 



20 



25 



30 



35 



40 



""?is1 SJ obiect of this invention to provide an automated sequencer -mPnsing a^J^^^^^^^^^^^ 
the hybr^S sequencing patterns on the membranes and to provide descnpfons of such patterns to a 

purified and labelled by the automated synthesizer. ^^^hrann units The membrane units, which 
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«xl s 1 ot digomws to .xlwding and c^m the *t.™ined nucleic acid 

following detailed description, taken in conjunction with the accompanying drav«"gs^ 
FIG 1 is a schematic representation of the principle components of the sequencer. 
FIG. 2 is a combined block-pictorial diagram of one embodiment of the synthes.zer of the present 

invention; 

FIG. 3 is a cross-sectional view of a portion of the synthesizer; 

FIG. 4a is a top elevational view of the trough module; 

FIG. 4b is a front elevational view of the trough module; 

FIG. 4c is a rear elevational view of the trough module: 

FIG. 4d is an end elevational view of the trough module; 

FIG. 5 is an end view of a portion of the synthesizer; . . ^ ^ 

FIG. 6 is a bottom perspective view of the trough module and associated structures. 

FIG 7 is a diagram of the reagent reservoir and drive system; ,,^„^kiv,- 

FIG 8 is a partially exploded side elevational view of a solenoid-piston-reagent-tip assembly, 

FIG. 9 is a wiring diagram of the OM-915 controller terminal board; 

FIG 10 is a schematic diagram of the valve block; 

FIG 1 1 is a schematic diagram of the synthesizer enclosure wiring; 

FIG 1 2 is a flow chart for a computer program suitable for use with the synthesizer. 

RQ. 13 is a simplified perspective diagram showing the placement of the solenoid array with respect to 

rg' U is TpSective view of a membrane unit array with one membrane unit extending therefrom for 

^S'TT^^I::^:^ umt array with one membrane unit extending 

T7i:TX^i^^ reSlborr ^e mem^ane unit and opposing cover 

; HGS 17a and 17b are sectional views of the membrane unit and opposing o^ver plate showing their 
released and compressed positions during a cycle of hybridizing, washing and J-'PP'ng: 
RR 1 8 is a schernatic representation of one embodiment of the fluid transportation system. . 
FIGS 1 a aS irareT^^^^^ views of the membrane unit and oPPOsing -ver^^^^ showing their 
released and compressed positions in connection with a first embodiment of the detector 
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comprises a step requiring knowledge and possession of a particular genetic sequence. 

used herein a "nucleic acid sequencing pattern" is any pattern of nucleic acd '"<;'«<=f^^''°"^^^^^^^^^ 
membrane and capable of being hybridized with a nucleic acid probe to reveal a nucleic acid sequence 

"''^ used herein, a "nucleic acid sequence ladder" is the pattern of nucleic add '-^'^J"'^^ ^^'^^^ 

be identified by an effective end label and which results from size separation of the P~d"Cts of a 

Squencing reaction, so that the order of elements in the pattern corresponds to the positions of the bases 

'L"?howffn RaTand described more fully below, the principal components of automated sequencer 
1-1 Jthis Tvention are central computer 1-10. synthesizer 1-20. '-^'^^'Z.''l:'Z'Js .1^ Z^Zrls 
40 "Central computer 1-10 not only assembles and analyzes sequence, but also controls and coordinates 
the ooeration of all of the other components of automated sequencer 1-1 . x u i, -j =h 

Sal computer 1-10 constructs nucleic acid sequences by processing descnptons of hybnd.zed 
sequ?ndng itterns received from detector 1-40. Such processing includes the steps of recordmQ ^^^^^ 
des pSons Of hybridized sequendng patterns, interpreting each such ^^^^/'P^;"^ 
a nucleic add sequence that corresponds to the description, and combining portions ""^'^.^^^^J 
seSuencSs to consfruct longer nucleic acid sequences. Based on analyses of these constructed sequences 
Zp^ l!?0 thetpredic^ a next set of oligomers to be synthesized by synthesizer 1-20. and controls the 

^'ttrJurorSThTprediction and synthesis of oligomers, computer 1-10 also selects a par«cul^ 
membrane uni^ lVsO. contained in membrane unrt array 1-30 for hybridization with each predicted and 
TnTheized o gomer It will be apparent that hybridization of that next set of oligomers to ""cleic aad 
sequen^^g Patterns immobilized on the selected membranes produces additional sequence descriptions 
tt,at in turn, are used to extend or to check the previously determined nucleic acid sequence^ 

i control signals that computer 1-10 generates are represented generally in FIG^ as being 
transmmed to synthesizer 1-20, membrane unit array 1-30. and detector 1-40 over lines 1-12. 1-13 1 
^rrsoectively Unes 1-12. 1- 3 and 1-14 are also used to provide feedback information to computer 1-10 
JormTng rstar^^ synthesizer 1-20. array 1-30 and detector 1-40. Lines 1-14 also transmits sequence 

'"^°r " rof'lSTl2"^1-T3rdT;4 may in fact communicate with additional computer, micropro- 
cess^s 0 miclZllers that are integrated with synthesizer 1-20, array 1-30 '^f -^^l"^^^^^^^^^^^^^^ 
the particular operations perfom^ed by those devices. Computer '■'"^•J^^^'^^^^r *^^^^^^^ 
th« nneration of each of those devices. The central control provided by computer 1-10 enables tnese 
TompSS devTces to o^ertteTn a coordinated, overlapping manner, thereby pertorming the -ries o, steps 
reqTed to construct nucleic acid sequences rapidly, automatically and f f ^il^the t'q^^^^^^^^^^ 
provided by computer 1-10 effects a reduction in the total time required to determine the sequence ot 



«irer 1^^^^^^^ capable of simultaneously synthesizing a plurality of oligomers of any chosen 
sequence in resJoSe o and in accordance with instructions received from computer 1-10 over line 1-12^ 
By'sruLeou^y synthesizing multiple oligomers, synthesizer 1-20 -bstantia'W dec^^^^^^ the .me U,at 
would otherwise be required to synthesize individual oligomers serially, and decreases the expense ana 
ZpleXTeq^ lo network muViple synthesizers, each capable of ynthesizing o^^^ pS th^ 
time in addition to synthesizing oligomers from constituent nucleotdes. synthesizer 1-20 P""t'es 
ynUizeS Vomers' labels the purified oligomers aPP-pnately with r^ioadive o^^ 
labels, and provides each labelled oligomer to fluid transportation system 1-21 for transfer to its respective 

'"'1vrhesSrT-20 also indudes a number of troughs that hold reagents. The reagent troughs are 
preferaSy to'ed Z,T.n inert material such as plastic. The directed movennent of a surfa^ in and out of 
I series oi reagent troughs allows synthesis of an oligomer of any f^^'^.^^^''^'^^^^^^ to 
Synth sizer 1-20 further comprises a system of valves (e.g.. 7-80). lines (e.g.. 7-70). and reservoirs to 

. The first number (i.e., .he number preceding the hyphen) refers to the figure number. 
The second number refers to the particular element of that figure. 
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supply the troughs with reagents (e.g.. 7-40). and a motor (e.g.. 2-70) to move troughs 2-20 (See FIGS. 2 

^*^Each surface upon which the nascent oligomer will be formed is associated with a solenoid capable of 
independ ntly raising or low ring that surface into a reagent trough. The sol nolds and their associated 
surfaces are arranged In an array above the reagent troughs. For example, the array may compnse a series 
of rows of solenoids. The troughs can be moved, for example by a stepper motor, to allow any surface 
access to any trough. It will be understood that a plurality of surfaces may be simultaneously moved, thus 
allowing multiple synthesis of like or different oligomers. 

The operation of synthesizer 1-20 is automatically controlled by a computer device. The computer 
device may be computer 1-10 or. preferably, a separate computer, microprocessor or microcontroHer 
associated with synthesizer 1-20. The computer device controls the various ^ly^^'^Zlfni 
and communicates directly with fluid transportation system 1-21 concerning the availability and location of 
particular synthesized oligomers. If a separate computer device is used, that device receives instructions 
from computer 1-10 over tine 1-12 as to the sequence of the predicted oligomer to be synthesized and 
informs computer 1-10 over line 1-12 of the status of synthesizer V20. including the status of synthesis of 

^ArSow^in'pia^ and described below, the principal components of preferred synthesizer 1-20 are 
trough module 2-20. reagent reservoir and drive system 2-30. solenoid array 2-40. gastgh enclosure 2-50. 
valve block 2-60. motor 2-70. computer 2-80 and controller 2-90. Each is described in detail below. 

As shown in FIG. 3. the trough assembly includes trough module 3-20.-mounting assembly 3-30. pHlow 
blocks 3-40. travel rails 3-50. drive belt 3-60. pulleys 3-70. stepper motor 3-80 and mam drive P^'^y 3-M^ 
The trough module, shown in FIG. 4. may be milled from a solid block of P^'VP^/'^^^' f "l^^^^^ .^"^ 
similar Inert material is suitable. In the preferred embodiment, the trough '"O'!"'® ^^0 <3-20 .^-20) s 5 
inches in length. 1.275 inches deep, and 3.375 inches wide. The troughs 4-30. which are formed m top face 
4-25 of trough modute 4-20. are numbered 4-12. 4-10. 4-8, 4-4. 4-3. 4-2. 4-1. Wtti f ^^Pj^" °' 
4-8, the troughs are preferably milled to a 60' angle at the base and are 5mm deep. Trough ^J^^yJ^ 
round bottomed and 8mm deep to facilitate a higher volume of reagent flow during '^^^^f °' 
oligomer synthesis. Troughs 4-30 may be spaced 9mm on-center, so as to ''Vrrf h n w fSe 
found in commercially available 96 well laboratory dishes. Reagent inlet ports 4-40. 'o^^d on front face J 
45 of trough module 4-20. and reagent delivery lines 4-50 allow delivery of reagents to ttie troughs 4-30. 
Reagent inlet ports 4-40 may be tapped for standard 1/4" 28 connections. Reagent exhaust ports 4-60 
Sed on bacS face 4-65 of lough modute 4-20. and reagent exhaust lines 4-70 allow removal of reagente 
from troughs 4-30. Reagent exhaust ports 4-60 may be tepped for standard 1/4" 28 connections. 

As shown in FIG. 4D. bottom surface 4-80 of the reagent inlet and exhaust ports is preferably flat, to 
allow a good seal with standard 1/4" 28 connectors. All ports and lines are preferably constructed so « to 
minimize the dead volume of the system while still allowing adequate flow rates. The.r surfaces should be 
smooth to facilitate washing and to minimize contamination. . „ . ♦ ^ „:ii«w 

in the preferred embodiment shown in FIGS. 3. 5. and 6. trough module 3-20 is rnounted on p^low 
blocks, (for example TWN-4-ADJ super ball bushing twin pillow block. Atlantic/Tracy Inc.) to aHow travel of 
trough modute 5 20 (3-20) on travel rails 3-50. Mounting assembly 5-30 (3-30) '^^'^ 
alurninum plates 5-35 to which trough module 5-20 (3-20) is rigidly but removably mounted P'"ow btocks 5- 
4^TZ are mounted on the underside of the mounting assembly 5-30 (3-30). Travel rails 3-50 pass 
through pillow blocks 3-40 (5-40). Drive belt 3-60 is fixed rigidly to drive belt anchor 5-65 and is held in 
position by pulleys 3-70. Angular displacement of main drive pulley 3-85 by stepper motor 3-BO is 
translated by drive belt 3-60 into transverse displacement, along travel rails 3-50. of trough modute 3-20^ 

Main drL pulley 3-85 is preferably located as close to back plate 5-90 of the gas tight enclosure as 
possible. Drive belt 3-60 is preferably routed so that it will not interfere with the solenoid array, the reagent 
supply or exhaust lines connected to the trough unit, or other elements of the device^ Drive belt 3-60 is 
posrtioned as closely to the ends of the gas-tight enclosure as possible and as close to base plate 3-1 00 (&■ 
, ?So) as possibte. and is routed along the centerline of the baseplate 5-100 to trough module 5-20J 
switches (not shown) may be appropriately placed to limit the travel of trough modute 3-20 to prevent it 
from moving into glass endplates 3-110. ,„»„-„tc on 

The reagent reservoir and drive system provides for the supply and removal of reagents, e.g.. 
monomer, oxidizer, and rinsing agents, to the troughs. m inH„rfA« na-* 

i The preferred embodiment is shown in FIG. 7. Reagent reservoir and drive system 7-10 includes gas 

. The same element may have different numbers on different figures (e.g.. the trough 
module is 2-20. 3-20. 4-20 and 5-20). 
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source 7-20. metering valves 7-30. reagent reservoirs 7-40, 7-42. 7-44 and 7-46. monomer reservoirs 7-50 
7-52 7-54. and 7-56. gas lines 7-60. delivery lines 7-70. two-way valves 7-80. reagent inlet connectors 7-90 
(connected to the front face 7-95 of the trough module), reagent exhaust connectors 7-100 (connected to 
the backface 7-105 of the trough module), exhaust lines 7-110. three way valve 7-120. vacuum trap 7-130. 

s and vacuum source 7-140. . 
In the preferred embodiment, gas pressure from gas source 7-20 provides the motive force for the 
transfer of reagents from their reservoirs 7-40. 7-42. 7-44 and 7-46, through delivery lines 7-70. to reagent 
inlet connectors 7-90. and thus to the troughs. Motive force for the removal of reagent or monomer from the 
troughs is provided by vacuum source 7-140. The delivery or removal of a reagent is controlled by opening 

ro and closing appropriate subsets of valves 7-80 or 7-120. The operation of valves 7-80 and 7-120 is 
controlled by computer. An example of such control is described below. 

Argon is a suitable inert gas (although other inert gases may also be suitable) for use in the reagent 
reservoir and drive system 7-10. A standard 2-stage regulator may be used to release ultra-pure argon from 
the supply tank, for instance, at approximately 10 psi. The lines supplying argon to the monomer reservoirs 

,6 may be set at 6 psi. The monomers and tetrazole may be delivered from the bottles they are shipped in. 
Argon pressure may be delivered to each bottle through a 20 gauge 1 1/2" needle attached to a male luer 
(w/lock)-1/4" 24 adaptor connected to the appropriate general valve connector. The other reagents are 
preferably stored in separate reservoirs, for instance. Kontes HPLC/synthesizer reservoirs. Argon may be 
delivered to these separate reservoirs at. for instance. 3 psi directly to inlet ports in the caps of the 

'^^*?I,Tpreferred embodiment includes a solenoid-piston-reagent-pin assembly 8-10. as shown in FIOS. 
The assembly includes solenoid 8-20, piston 8-30. retaining ring 8-40. connecting rod 8-50. adaptor 8-60, 

pin socket 8-70, pin 8-80, and reagent tip 8-90. . . ^.^ „„.»„„m 

A Guardian T 35 X 9-C12D. 12 volt DC continuous duty tubular solenoid is a suitable solenoid. 

25 Retaining ring 8-40 may be fabricated from polypropylene, e.g., a one millimeter thick slice cut from a 
Rainin RT96 pipette tip or any other suitable material. Connecting rod 8-50 is a shaft. Preferably plastc, 
which can be fabricated, for example, from the positive displacement piston of a G'Isori CP-250 pipe^^ 
Adaptor 8-60 may be fabricated from a piece of flexible tubing, for example, Cole-Parmer 1/32 X 3132 C-fiex 
tubing Pin socket 8-70 may be fabricated from the distal six millimeters of a Rainin RT96 P'petteJJP- P'" »■ 

30 80 may be a steel rod and can be fabricated from the displacement piston of a Qilson CP-50 pipette. 
Reagent tip 8-90 is preferably made of polypropylene. The proximal fitting from the steel displacement 
piston of a Gilson CP-50 pipette may be used for a reagent tip. 

Assemblies 8-10 are mounted in solenoid array frame 8-100. Frame 8-100 may be fabncated from a 
Rainin RT96 pipette box. Assemblies 8-10 can be positioned in an array such that the longitudinal axis of 

35 the pistons are aligned with the spacing found in standard 96-well titre plates. Solenoids 8-20 are preferably 
positioned in a staggered, two tier, configuration, because the solenoid diameter is too great to allow *em 
to be packed adjacently. i.e.. at the same level. (See FIG. 13). The two tier arrangement also allows 

improved heat dissipation. „ ^« . r«»-i 

In the preferred embodiment, piston 8-30 is inserted into solenoid 8-20. Retaining nng 8-40 is f'tted onto 

40 piston 8-30. Connecting rod 8-50 links adapter 8-60 to piston 8-30 and on the other end to pin socket 8-70. 
Pin 8-80 fits removably into pin socket 8-70. Retaining ring 8-40 prevents the piston from seating fully on 
eneraizing of solenoid 8-20. If allowed to seat fully residual magnetism prevents the piston from descending 
when the power is removed. Beneath the piston assembly, upper guide plate 8-110 and lower QU'de p ate 8- 
120 align reagent pin 8-80 and direct it to the trough. Guideplates 8-110 and 8-120 are fixed rigidly v^ith 

45 respect to solenoid array frame 8-100. A clearance of about 1mm exists between tip 8-90 and the top 
surface of the trough when the solenoids are energized. Upper guide plate 8-110 prevents the piston from 
falling out of the solenoid and determines the magnitude of piston travel. Total piston travel is about 8mm^ 

Oligomers are synthesized on a solid phase substrate surface adhered to the reagent tips. Any suitable 
solid phase substrate surface, including glass fiber, cellulose, or controlled pore glass beads can be used 

so to form the surface. Commercially available controlled pore derivatized beads to which A. T. G. or u 
monomer has been attached such as used in column based DNA synthesis are particularly convenient for 
use with the synthesizer. Examples include those available from ABI with a controlled pore glass ABI part 
number 400386. C controlled pore glass ABI part number 300387. G controlled pore glass ABI part number 
400388. and T controlled pore glass ABI part number 400389 or from Millig n. . . . _ . 

55 Th b ads may b adher d to the reagent tip by healing the reagent tip until it is just molt n. then 
forcing th heat d tip into a shallow container filled with th appropriate bead. As und rstood by those 
skilled in th art. when beads coupled to a giv n monomer are us d to synthesize a surface, that monomer 
will provide the first nucleotide, in the 5' to 3' dir ction. of the oligomer formed on that surface. 
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Gas-tight enclosure 2-50 provides a solid base on which other components. e.g., motor 2-70, travel rails 
3-50. and solenoid array 2-40 can be mounted. Gas-tight enclosure 2-50 also isolates reagent tips 8-90 and 
reagents from the atmosphere. 

The entire enclosure may be purged of atmospheric gases by argon delivered through a regulator. 
5 In the preferred embodiment (FIGS. 2. 3 and 5), gas-tight enclosure 2-50 has front plate 5-88. back 
plate 5-90 and base plate 5-100. which may be fabricated from 0.3125" aluminum, and endplates 3-110 
and top plate 3-120 which may be fabricated from 0.3125" glass. Silicone gaskets are glued to the glass 
plates and the glass plates clamped to the aluminum structure to provide a gas-tight environment. A 
humidity meter (not shown) may be attached to top plate 3-120 with its probe snaked between the 
70 aluminum side and top silicone seal. Lines 7-70 delivering fresh reagent enter the device through the front 
plate 5-88. Exhaust lines 7-110. argon purge lines (not shown), and electrical connections, pass through 
back plate 5-90. Motor 2-70 is attached to back plate 5-90. Trough module 3-20 travels on rails 3-50 that 
are attached to base plate 3-100 (5-100). Solenoid array 3-125 (5-125) rests on supports that are connected 
to front plate 5-88 and back plate 5-90. Solenoid array 3-125 (5-125) is firmly seated yet removable, 
js The valve block provides valves that control the flow of reagents to and from the reagent troughs. 

In the preferred embodiment, the valve block consists of 24 12VDC 2-way teflon valves 7-80 (e.g.. 
GV#2-1 7-900 General Valve Corp.) that control the flow of monomers and other agents to and from the 
trough module and 3-way teflon valve 7-120 CA (e.g., GV#1-17-900 General Valve Corp.) that controls 
exhaust vacuum. 2-way valves 7-80 are closed when not energized and open when energized. All 2-way 
exhaust valves 7-80, (e.g., Omega relay # 7-12, see below) are preferably connected to 3-way valve 7-120 
such that the main force of the vacuum is isolated from 2-way valves 7-80 when 2-way valves 7-80 are 
closed. The vacuum valves 7-80 and 7-120 may be electrically isolated from each other via diodes. 

The valves may be mounted on Rainin RT96 pipet tip racks and housed in Rainin TR96 pipet tip boxes. 
All non-monomer connections may be made with 1/16" x 1/32" teflon tubing and the appropriate fittings 
supplied by, for example. General Valve according to their recommendations. The monomers and tetrazole 
lines may consist of 0.007" ID tubing. Although small-bore tubing is desirable in that it minimizes dead 
volume, the additional trough-filling time required by small bore tubing may be undesirable. 

A Super Vexta PH268M-E1.5B 2-phase stepper motor, available from Inductive Components, is a 
suitable motor for moving trough module 3-20. 

If the synthesizer is controlled by a separate computer device, either Digital Microvax or Radio Shack 
TRS 80 Model 100 computers are suitable. Instructions from computer 1-10, or the separate computer 
device, determine the sequence in which the reagents come into contact with each surface and thus 
determine the nucleotide sequence of the oligomer synthesized on each surface. Such instructions include 
instructions: to open or to close various valves, to introduce or to remove a reagent from a trough, to move 
the troughs, or to raise or to lower a given surface. The instructions are implemented by an interface. 

A suitable interface is Omega OM900 Series Interface (Omega Instruments, Stanford, Connecticut) or 
similar device capable of converting instructions from computer 1-10, or a separate computer device, into 
signals that can control the electro-mechanical devices of synthesizer 1-20. The Omega OM900 Series 
interface includes a central processing unit (OM992 Central Processing Unit), an interface power supply 
(OM-903 Power Supply), and a multiplex module (OM915 Multiplex Module) with 32 individually addres- 
sable relays which are used to control synthesizer 1-20. For example, if six solenoids are included in 
synthesizer 1-20. the 32 relays may be assigned as shown in Table 1. 
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Tabl 1 



inimber f^in^t^ton controllea 



1 oxidizer reagent (tert-butyl 
hydroperoxide (tBMP) delivery valve 

2 Detritylation reagent (trichloroacetic 
acid (TCA)) delivery valve 

3 Adenine (B, dA cyanoethyl 
phosphoramidite) delivery valve 

3 Tetrazole delivery valve 

4 cytosine (B, dC cyanoethyl 
phosphoramiSite) delivery valve 

4 Tetrazole delivery valve 

5 Guanine (iBu dG cyanoethyl 
phosphoranidite) delivery valve 

5 Tetrazole delivery valve 
6 

6 Tetrazole delivery valve 

7 oxidizer (tBHP) reagent exhaust valve 

8 Detritylation (TCP) reagent exhaust valve 

9 Adenine exhaust valve 

10 cytosine exhaust valve 

11 Guanine exhaust valve 

12 Thymine exhaust valve 

13 oxidizer rinse delivery valve 

Detritylation rinse delivery valve 



Thymine (T cyanoethyl phosphoramidite) 
delivery valve 
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15 Adenine rinse d livery valv 

16 cytosine rins d liv ry valve 

17 Guanine rinse delivery valve 

18 Thymine rinse delivery valve 

19 solenoid No. 1 (initial activation), 

12 VDC supply 

20 Solenoid No. 2 (initial activation), 

12 VDC supply 

21 Solenoid No. 3 (initial activation), 

12 VDC supply 

22 Solenoid No. 4 (initial activation), 

12 VDC supply 

23 solenoid No. 5 (initial activation) , 

12 VDC supply 

24 Solenoid No. 6 (initial activation) , 

12 VDC supply 

25 stepper motor (motor drive) 5 VDC supply 

26 stepper motor (motor direction) 5 VDC 

supply 

27 solenoid No. 1 (maintenance) , 5 VDC 

supply 

28 Solenoid No. 2 (maintenance) , 5 VDC 

supply 

29 solenoid No. 3 (maintenance) , 5 VDC 

supply 

30 Solenoid No. 4 (maintenance), 5 VDC 

supply 

31 Solenoid No. 5 (maintenance), 5 VDC 

supply 

32 Solenoid No. 6 (maintenance), 5 VDC 

supply 



solenoids Nos. 1 to 6. described in Table 1 above, are each associated with a corresponding solenoid- 
''r:;SS:ZZ^l it wi" be apparent that Relay No. 1 opens a valve which ^.ows o>«dlz r to flow 
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a valve which allows the contents to be removed from the oxidizer trough (trough 4-2^ ^^^Z^°^'l°^2 
a valve which allows a rinsing solution to flow into the oxidizer trough (trough 4-12): Relay No^ 9 controls 
the 12 VDC supply to solenoid No. 1 (12 VDC is required to initially activate the solenoid); Re'^Y No. 27 
controls the supply of 5VDC to solenoid No. 1 (the voltage required to maintain the solenoid .n the activated 
state)- and Relay Nos. 25 and 26 which control respectively, the power to the stepp r motor and the 
direction of the stepper motor, control the positioning of the trough module. o m h„« to 

The assignment of a single relay to control tK,th monomer and tetrazole valves (relays 3 to 6 -s due to 
constraints irSposed by the number of relays on the OM-915. Increasing the number of relays would remove 
*e S to place more than one valve on a relay. More importantly, increasing Je number of relays would 
allow an increase in the number oligomers that can be simultaneously synthesized For examp^, the 
svstem could easily be expanded to seven more OM-915 units. In such a configuration one OM-915 unit 
Sd be dVdicatJto valve and motor control and the other OM-915 units -°-^<^,,^^<''^''^''^^^ 
TonVol The use of seven OM-915 units thus configured would allow 96 controllable solenoids, and thus 
allow the synthesis of 96 oligomers simultaneously. „„„„«^»«« oaiaw 

FIG. 9 depicts the terminal board 9-20 of the OM-915 interface and a^fo^^^J^^""^'"/^- "^'^^ 
terminals 9-30 are labeled with their relay numbers. Power is supplied to relays 9-30. in banks of four 
Zs (eg Relay Nos. 1 to 4 constitute a bank, and Relay Nos. 5 to 8, constitute a separate t«nk). by 
"mmoi c'onte^ (labeled c) and ground contact (labeled g). Relay Nos. 1 to 24^.-*''^;;^^^^^^ ^ 
supplied with the 12 VDC from 12 VDC source 9-60. Relay Nos. 25 and 26. which control t^ie motor, are 
suppliS w* 5 VDC from 5 VDC source 9-70. Relay Nos. 27 to 32. which ;»'«/'f';'f °" 

maintenance of the energization of the solenoids, are supplied with 12 VDC (for .-Jal activajon) fron^ Relay 
NOS. 19 to 24. and 5 VDC (for maintenance of activation) from the 5 VDC source 70. A SOLV 30-12 12 VDC 
4A power supply (Newark Electronics), is a suitable 12 VDC source and an Elpac Model WM113 + 12/- 
12/ + 5 VDC power supply is a suitable 5 VDC source. « * ^ «^,:k^h 

Relays controlling the valves are connected to controller-side valve block connector 9-80. ^J^^'^ 
in Table 1 Relay Nos. 3, 4. 5. and 6 each controls two valves. Each of these relays is thus connected to 
L pins on controller-s de valve block connector 9-80. Controller-side valve block connecter 9-80 .s 
TonneSed to machine-side valve block connector 10-20 shown in FIG. 10 which depicts the winng of the 

'''^Machine-side valve block connector 10-20 may be connected by ""es 10-30 to two-way valve 
controSSig solenoids 10-40 to 10-86 and three-way valve controlling solenoid 10-90. The valve solenoids 
mav he electricallv isolated by diodes 10-50 or light emitting diode: 10-100. 

'A^ivt'^of any o^alve control^ solenoids 10-40. 10-42. 10-44. 10-46. 10-^. or 10-50. which 
the valves controlling exhaust of a reagent from a trough, also preferably activates 3-way valve ~ntr°ll ng 
scJeS 10-90. For example, activation of valve controlling solenoid 10-40 by a s'9nal transmitted on line 
0 30a also activates the Lay valve controlling solenoid 10-90. Thus, both the exhaust vah.e and acu^m 
control valve are opened, allowing vacuum to exhaust the trough. The circled numbers in FIG. 10 indicate 
the number associated with the 2-way valve controlled by a solenoid. ««terflhiv 
As shown in FIGS. 9 and 11. Relay Nos. 25 to 26. which control stepper motor 11-60. are preferably 
conn^^ed dLtly to stepper motor controller 9-140 by lines 11-160. ^^0 VAC^o^^^^^ 
connected to stepper motor controller 9-140. Unes 9-160 connect stepper ^^^^ ^f"^^'^'^''^; ^g^^^J^ °' 
controller-side enclosure connector 9-90. machine-side enclosure connector 10-20. J"^J^^°' ^° 
STpper motor 11-60. Relay Nos. 19 to 24 and 27 to 32. which control the 

9-125 to controller-Side enclosure connector 9-90. Controller-side enclosure ^"""J^! ° 

machine-side enclosure connector 11-20 shown in FIG. 11. Machme-side enc osure connector 11 20 is 
connected to solenoids 1 1-40. which may be organized in a 2 x 3 array, by lines 1 1-50. 

Preference to Table 1. and FIGS. 9 and 11. a solenoid is preferably activated asjo^ws. A so^noid 
is lifted by 12 VDC. For example, a signal from the computer closes Relay No. 19. s"PP'y'"9 VDC by 
lfnetl30 to Relay No. 27. Relay No. 27 in turn supplies 12 VDC by line 9-120a to controller-side enclosure 
, controller9-90.tomachine-sideenclosure11-20.toline11-50aand.tohence.tosoleno.^^^^ 

After being lifted, the solenoid may be maintained in the activated state by 5 VDC. The cornputer 
instmcte rX No 27 to close, supplying 5 VDC to solenoid 1 and opens Relay No. 19. to remove the 12 
V?C SentiaTused to initially activate soLoid 1. At another signal from the computer. Relay No. 27 opens 

and the 5 VDC potential is cut off. . h„ /v^mnntfir 1- 

5 Th simultaneous synthesis of multiple oligomers of any chosen sequence is directed by ~^P"ter 1 
10 The Doswoning of the troughs, mov ment of the surfac s. and th filling and emptying of the troughs 
may Se cont?ordVy co,npute? 1-10 alone or. preferably, by a separate computer system associated with 
Synth sizer 1-20. 
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For example, where a separate computer system is used, it may operate using a Fortran program 
(Appendix A. attached as part of the description). 

The general operation of a suitable program is shown in FIG. 12. As shown in FIG. 12A the program 
first initializes the system (step 12-20). Initialization may include filling the reagent troughs, bringing 

5 selected monomer troughs into position under appropriate solenoids, then dipping the surfaces into any 
trough required for activation. 

A monomer is then added (step 12-30), the growing molecules are capped (step 12-40), oxidized (step 
12-50) and deprotected (step 12-60). If there are no more additions, the program ends 12-70. If there are 
more monomers to be added (step 12-80), the program returns to add the next monomer (step 12-30). 

10 The process for the addition of a monomer is described in more detail in FIG. 12B. The process for 
capping, oxidation, and detritylation is described in more detail in FIG. 11C. 

The program may also include a subroutine that, upon entry of the predicted sequences, determines 
the optimum assignment of sequences to surfaces; determines the optimum order of the placement of 
reagent troughs; or controls post-synthesis modification, such as elution or washing. 

75 The chemistry of DNA synthesis is well known to those skilled in the art, see e.g., Froeler et al. 1988. 
Nuc. Acid. Res. 14:5399-5407, hereby incorporated by reference. The phosphoramidite method, see 
Matteucci et aL, 1981. J. Am. Chem. Soc. 103:3185-3191, hereby incorporated by reference and Caruthers 
et al., 1987, Methods Enzym. 154:287-313rhereby incorporated by reference, is suitable for use with 
synthesizer 20 and is described briefly below. 

20 In the phosphoramidite method, 5* protected monomers are added to the 5' OH group on the growing 
molecule chain. Addition of a monomer subunit to the growing nucleotide chain requires the following steps: 
(1) removal of the dimethoxytrityl protecting group from the previously added (or starting) monomer with 
trichloroacetic acid (TCA) to form a reactive 5' hydroxyl group; (2) the addition of a 5' dimethoxytrityl 
protected monomer by condensation; (3) acetylation or capping of the unreactive deoxynucleoside (Step 3 

25 is optional); and (4) oxidation of the phosphite triester to the phosphate triester with tert-butyl hydroperoxide 
or iodine/water. Synthesis proceeds stepwise in a 5* to 3* direction by the sequential addition of monomers. 

Oligomers are synthesized on the surfaces that are adhered to the reagent tips. The reactions needed 
to add a monomer to the nascent oligomer synthesized on a surface are effected by: (1) utilizing troughs 
filled with the appropriate reagents, such as a monomer, oxidizer, or rinsing agent. (2) positioning the 

30 appropriate troughs beneath the appropriate surfaces in an appropriate order, and (3) lowering the surface 
into the trough. For example, addition of a monomer to a growing chain on a surface requires the following 
steps: (1) activating the previously added monomer by positioning the trough filled with detritylation reagent 
below the surface, dipping the surface into the detritylation reagent to remove the dimethoxyl-trityl 
protecting group, removing the detritylation reagent from the trough, filling the trough with a rinsing agent 

35 such as, acetonitrile to rinse the trough and surface, and lifting the surface; (2) adding a protected monomer 
by repositioning a trough containing the appropriate monomer below the surface, dipping the surface into 
the monomer trough, removing the monomer reagent from the trough, filling the trough with rinsing agent to 
rinse the trough and surface, and lifting the surface; and (3) oxidizing the phosphite triester bond by 
positioning a trough containing the oxidizer, such as tert-butyl hydroperoxide under the surface, dipping the 

40 surface into the oxidizer to oxidize the phosphite triester bond to a phosphate triester, removing the oxidizer 
and filling the trough with rinsing agent to rinse the trough and surface, and lifting the surface from the 
trough. This sequence of reactions results in the addition of a protected monomer to the oligomers being 
synthesized on the surface. 

In the specific and particular embodiment described herein, reagents, reaction times, and trough 

45 designations are as follows. Adenine monomer reagent consists of one gram of Bz dA cyanoethyl 
phosphoramidite in 12 ml anhydrous acetonitrile and occupies trough No. 4-4. thymine monomer reagent 
consists of one gram of T cyanoethyl phosphoramidite in 12 ml anhydrous acetonitrile and occupies trough 
No. 4-1, cytosine monomer reagent consists of one gram of Bz dC cyanoethyl phosphoramidite in 12 ml 
anhydrous acetonitrile and occupies trough No. 4-3, and guanine monomer reagent consists of one gram of 

50 iBu dG cyanoethyl phosphoramidite in 12 ml anhydrous acetonitrile and occupies trough No. 4-2. Surfaces 
are exposed to monomer for three minutes then washed in acetonitrile for one minute. It should, however, 
be understood that other concentrations, times, washes, washing schedules and trough arrangements are 
within the scope of this invention. 

Detritylation reagent consists of trichloroacetic acid in dichloromethane and occupies trough No. 4-8. 

55 Surfaces are held in the detritylation reagent for three minutes. The rinsing agent which follows detritylation 
consists of acetonitrile. Surfaces are rinsed for one minute. The oxidizing reagent consists of tert-butyl 
hydroperoxide 1.1 M in anhydrous dichloromethane and occupies trough No. 4-12. Surfaces are held in the 
oxidizing reagent for one minute. After oxidation, the surfaces and troughs are washed in acetonitrile for one 
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minute. 

Rinsing normally occurs in the same trough in which the previous reaction occurred, e.g., the post 
tritylation rinse occurs in trough 4-8. 

At the t)eginning of the run, the enclosure and all lines are purged with argon and all troughs are filled 

5 with the appropriate reagents. All surfaces are lifted and the trough module is moved to the initiation 
position. The initiation position places trough 4-8 (TCA) beneath the designated solenoid. 

For the sake of simplicity, the action of a single surface has been descrit)ed above, in actual operation, 
synthesis of multiple oligomers will proceed simultaneously on multiple surfaces. This may be accom- 
plished by positioning the solenoids in an array, for instance, an array of rows. For example, as shown in 

10 FIG. 13 the solenoids 13-20a, 13-20b, 13-20c, in a given row 13-20a are aligned such that the surfaces can 
all be dipped into trough 13-30 positioned under that row of solenoids. When a trough is positioned under a 
row, all of the surfaces in that row that require contact with the reagent in the trough may be lowered 
simultaneously. Surfaces that do not require contact with the reagent are not lowered. While surfaces in a 
row above a given trough are being lowered, the solenoids in the adjacent rows in either direction can be 

75 lowered in the corresponding adjacent troughs. Thus, synthesis of the oligomers on all surfaces is truly 
simultaneous. 

In addition to synthesizing oligomers, synthesizer 1-20 performs other steps necessary to prepare the 
synthesized oligomers for use in hybridization. These steps include eluting the oligomers from the surfaces 
on reagent tips 8-90, purifying the eluted oligomers, labelling the purified oligomers, and placing each 

20 labelled oligomer in transportation system 1-21 to be sent to the corresponding selected membrane unit 14- 
50 (15-50, 16-50, 17-50 and 19-50) contained in membrane unit array 1-30 for hybridization to nucleic acid 
sequencing patterns bound to membrane 16-51. 

It will be obvious to one skilled in the art that the composition of the eluting solution will depend on the 
mode of synthesis of the oligomers. For example, if conventional oligonucleotide synthesis involving 

25 addition of acetate caps onto unreacted nucleotide chains is employed, the longest resulting oligomer will 
contain a trityl group on the 5* end. Such an oligomer may be eluted and deblocked in one step, for 
example, by heating in a solution of NH4OH contained within the well of a 96 well plate. After evaporation of 
the NH^OH. the oligomers may be labelled directly in the well. The oligomers may then be transferred from 
the well by fluid transportation system 1-21 to membrane unit array 1-30. 

30 Alternatively, the oligomers may, if desired, be purified to eliminate all but the longest nucleotide 
chains. Purification may be performed by eluting the oligomers with methanol and automatically transferring 
the eluted oligomers contained in the wells to a corresponding number of affinity columns, each containing 
a substance, such as oligopak or Nensorb, that binds the trityl group of the oligomer. Such chromatography 
thereby removes any capped failure molecules. The purified oligomers are then eluted from the columns 

35 into the wells of another disposable multi-well plate. 

The oligomers may be labelled in the wells by one of a variety of methods to permit their detection 
after hybridization to sequencing patterns bound to membrane 16-51. Any of a number of labelling methods 
may be employed, including those employing radioactive labels [T. Maniatis et al.. Molecular Cloning, A 
Laboratory Manual, Cold Spring Harbor Laboratories, 1982], fluorescent [(LM. Smith et al.. Nuc. Acid. Res. . 

40 13, pp. 2399-412 (1985); J.M. Prober et al.. Science . 238. pp. 336-41 (1987); W. Ansorge. et al., Nuc. Acid. 
Res., 15, 4593-603 (1987); J.A. Brumbaugh, et al.. Proc. Natl. Acad. Sci. USA , 85. pp. 5610-14 (1988)]. 
ciiorimetric [(S. Beck. Anal. Biochem. . 164, pp. 514-20 (1987); P. Richterich, et al. Biotechniques , 7, pp. 52- 
59 (1989)], and chemiluminescent labels [S. Beck, et al.. Nuc. Acid. Res. . 17. pp. 5115-122 (1989)]. As will 
be understood by one skilled in the art, the method of labelling chosen must conform to the type of detector 

45 1-40 employed. After labelling, any unincorporated label may be removed if desired, by passing the labeled 
oligomer over a sizing column. It is preferred that the labelling be conducted by a method that does not 
generate a significant amount of unincorporated label. The labelled oligomers are then introduced into fluid 
transportation system 1-21. described below, which connects synthesizer 1-20 to each membrane unit 1-50 
contained in membrane unit array 1-30. 

50 The above described mechanical steps performed by synthesizer 1-20 after oligomers have been 
synthesized can be automated using any of a number of commercially available devices, with minor 
modifications. For example, robots such as the Xymark free-hand robot, and machines capable of handling 
the multiple-well plates and transferring materials to and from the plates, such as those sold by Biomek and 
Lab Systems, are readily available for use with synthesizer 1-20. 

55 Membrane unit array 1-30. which is shown generally in FIGS. 14 and 15, contains a plurality of 
membrane unit stations 14-32. each of which holds a membrane unit 14-50. Stations 14-32 are separately 
connected to transportation system 1-21, enabling fluids to be ind pendently supplied to and r moved from 
each membrane unit 14-50. Array 1-30 may contain any number of membran units 14-50, with a 
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corresponding number of membrane unit stations 14-32. For example, array 1-30 -"^y contain 400 
membrane units 14-50 and stations 14-32. It Is apparent that array 1-30 of such size has substantially more 
stations 15-32 than are shown generally in FIGS. 14 and 15. ..„„,.»h 

Each membrane unit 16-50 (14-50) includes a membrane 16-51. upon which, prior to automated 
ooeration of sequencer 1 -1 . nucleic acid sequencing patterns have been immobilized. 

In the preferred embodiment, the pattems bound to membrane 16-51 are multiplex sequencing patterns 
i e multiple, overlayed. nucleic acid sequence patterns capable of being repeatedly hybridized with 
different probes to reveal different nucleic acid sequence ladders (see Ohara et al. supra). 

The DNA used to generate the multiplex sequencing pattems may be cloned. Alternatively, genomic 
DNA may be used directly. When using the method and apparatus of the present invention to sequence 
DNA from higher organisms, for instance chromosomes with the complexity of mammalian DNA a may 1^ 
useful to fir^ clone the DNA into vectors such as yeast artificial chromosomes. Genetic manipulation of 
veast artificial chromosomes is well known to those skilled in the art. ^ ^ 

Any procedure that cleaves DNA at defined locations and results in well defined 5 and 3 ends may be 
used to fragment the DNA prior to the sequencing reactions. In the preferred "^^^^ T 'Jj^^ 

sequencing pattern is generated from chemical cleavage of DNA fragmented by ^esfti<^°"J^"J^^^^ 
digestion. The DNA is first digested to completion with different restriction enzymes or combmatoons of 
enzymes, such that the resulting DNA fragments are of a given average size, yet have many d.ffe ent 5 and 
3- ends. For example, enzymes that recognize a sequence of 6 bases cut DNA an average of once per 
4000 base pairs. Digestions with combinations of such enzymes produce smaller fragments. Varying the 
combinations results in variation of the 5' and 3' ends of the fragments. 

When gels that allow reading of a sequence up to approximately 300 base P-;«^,^« "J^^'^^' ^ 
preferred that the DNA be digested with combinations of enzymes to produce fragments of JOO to 800 base 
pairs. When longer gels are utilized, for example gels that allow reading of sequence up to 600 bases. ,t 
may be advantageous to choose a combination of enzymes that will result in the DNA being cleaved on 
average every 1000 base pairs. Attematively. digestion may be performed with multiple single enzymes that 

recognize a sequence of fewer bases. u.^i^„ ..^n^inn 

Ifter digestion, each sample is subjected to sequencing reactions to generate multplex sequencmg 
pattems. For example, chemical cleavage reactions such as the five standard '^^^^^^i f^.T'T. 
W. Gilbert. -Sequencing End-Labeled DNA with Base-Specific Chemical Cleavages Meth. E"^yr"- . 65, pp^ 
499-560 ( 980)] may be employed. Modifications of the standard sequencing reactions, for instance those 
descXed in Unrted States Patent No. 4.865.968. may also be employed. Alternatively, the multiplex 
Squendng p^^^^^ may be generated by enzymatic synthesis. It is preferred that 1 to 30 micrograms of 
DNA be employed for each sequencing reaction. ^ , , xu^^ k.. 

sequencing reactions derived from a multiplicity of resfriction digested DNA samples may Wen be 
loaded onto the same gel for subsequent electrophoresis. For example, a single gel may contain the 
seauencina oroducts of 18 or more single or combination digests. 

' The prcElu^ Of the sequencing reactions may be resolved electrophoretically to form nurnerous 
overlayed nucleic acid sequence ladders, i.e.. multiplex sequencing patterns. At present. Q^J^ ° 

5-20% acrylamide are commonly used for elecfrophoretic separation. Such gels may be wedge shaped o 
Of unrtorm thickness, and may be run using a variety of buffer systems and elecfrophoretic conditions well 

known to those skilled in the art. . ^ * ^r^^^^^r.^ ir m <;iirh 

After electrophoresis, the multiplex sequencing pattems are transferred onto ""f^f ^ 
transfer may be accomplished by any of a variety of mettiods. For example, the patterns may be 
rro ranSrred after electrophoresis as described in 6.M. Church and W. Gilbert, supra. Alternatvel^he 
DNA may be transferred during electrophoresis in the method described by S. Beck and F.M Pohl. DNA 
SequencCwS D S Blottng EleSrophoresis". EMBO J. . 3. pp. 2905-2909 (1984). A variety of 
membrars IJ be employed in'the present inventionTWiiTmple DBM. DPT. and polyvinylidene fluoride 
membranes. Nylon membranes are preferred, as they are able to withstand vigorous washing. 

After transfer, the sequencing patterns must be immobilized on the -"^mbrane such that they wiH 
remr^onded tfiroughouJ repeated cycles of hybridization, washing and stripping. " P;«Jf^«^^^^^ 
sequencing patterns are covalently bound to the membrane by UV '"^^^^^^^^ ^av also 

G.M. Church and W. Gilbert, supra. Other techniques of linking nucleic acds to membranes may also be 
useful and ar w II known to those skilled in th art. ir-50 
Atter binding is complete, each membrane 16-51 is placed in a separate '^^"'^'^''^''"^I'l^^ 
Membrane unit %-50 is designed to permit several op rations to b rep atedly P«;^°;"^«^ 
16-51. including hybridization of labelled oligomers to the sequencing patt rns bound to mennbrane 6-51. 
washing of membrane 16-51. movement of hybridized membrane 16-51 to be det cted by detector 15-40. 
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and stripping of membrane 16-51. , fcii^^Krano 

The elements of the preferred embodiment of membrane unit 16-50 ^f/^°r'"'"p'^^, e 52 m^Se 
16-51 is bonded to a face of backing plate 16-52 within the margins of plate 16-52. Rate 16-52 may be 
made of a number of materials including glass or plastic. Rexible sheet '^^^^^^l^l^^^f^^^ 
covers the face of plate 16-52 on which membrane 16-51 is bonded, and .s rlseK bonded to p ate 16-52 
Sar th^margins of plate 16-52. enclosing a space between sheet 16-53 and membrane 16-51. Flexible 

t lis r^^^ one. and preferably a series of inlet and outlet tubes 16-54 <on.ed U.ere^^^^^^^^ 
The free end of each tube 16-54 is connected to fluid transportation system 1-21 within stebon 14-32 to 
supply membrane unit 14-50 (16-50) with fluids and to drain fluids from membrane unit 16-50 for d.sposa . 

Reparation of membranes 16-51 and assembly of membrane units 16-50 preferably occurs F^.or to the 
commencement of automated operation of sequencer 1-1. Membranes 16-51 and membrane units 16-50 
may be changed, substituted or reassembled during operation of sequencer 1 -1 . 

It will be understood that bonded membrane 16-51 is reusable many times, at least 50 tmes and 
prot^abTy several hundred times, because the bonding eliminates most of the current 
are produced through flexing of membranes during hybridization, washing and ^^"PP'"^-^^/. ^^^^^"S °' 

:iimina«ng the time required to replace failed membranes. '►'Vf:f«° ^SreeMe'srbe separaSJ from 
In order for hybridization to occur properly, it is required that flexible sheet 16-53 be separated from 
membrane 16-51 a specified distance, with fluid contained in the enclosed space be^een lex.b e shee 6- 
53 Tnd membrane 16-51. It is preferred that the fluid flow between membrane 16-51 and flexible sheet 16- 

i::: ZT6-~ in F.G. IO. is prodded for each membrane unit 16-50 to — the de^^^^^^^^ 
seoaration between sheet 16-53 and membrane 16-51. Cover plate 16-55 opposes the side of sheet 16-53 
aciraway f^m membrane 16-51. The operation of membrane unit 16-50 in -^'^'^^^^^^^J^;^^^^^ 

16- 5? is depicted in FIGS. 17a and 17b. Cover plate 17-55 (16-55) moves ^ward membrane u^t 17J0 (16 
50) from L released position shown in FIG. 17a to the compressed ^'^°^J''°''"J^ JJ^^, 
Alternatively, cover plate 17-56 can be fixed and membrane unit 17-50 may be moved, or P^«^« 

17- 55 and membrane unit 17-50 can moved. In the compressed position, cover plate 17-55 ce"^^ and 
ior^reies covering sheet 17-53 to limit pressurized fluid flow to a layer of desired thickness. When so 
compressed, hybridization, washing and stripping occur. -an ho 

The movement of cover plate 17-55 between a released position and a compressed position can be 
achilled by any of a numb'er of well-known devices, and is automatically achieved through c^mpute^^ 
confrol Although the various operations associated with hybridizing, washing and stripping membrane 17-5 
rhtmembrane unit 17-50 a^ ultimately controlled under direction of computer 1-10. another computer 
Tctprclsor or microcontroller associated with array 1-30 may further direct and conuol he specifK: 
ope Sons that are perfomied in array 1-30. Communication between array 1-30 and computer 1-10. or 
beSltn a separate computer device associated with array 1-30 and computer 1-10. occurs over hne 1-13^ 
Su7h communication from computer 1-10 Informs array 1-30 of the selected -«-brane umt t^ 
synthesized oligomer will be directed to. and prepares that unit for hybndization In return, computer 1 10 is 
informed of the status and availability of each membrane unit contained in array i-30. 

Oplal performance conditions may require regulation of the temperature of the P^^^^"-^^^^^^ 
Accordingly in the preferred embodiment, cover plate 17-55 also contains a means to ^9"'f 
Srrtule Of the fluid flowing over membrane 17-51. This means '^P^f ^^^^ ^^^'^^^^tml^^^^^^^ 
also be achieved by fluid flow in coils embedded in or backing plate 17-55. '-here plate 17-55 « "r.ff« ^ ^ 
themially conductive material such as a metal. The '«9"'atio"°» temperature .s con^^^^^^^ 
computer device associated with membrane unit array 1-30 under the direction of computer 1-10. or directly 



by computer 1-10. 
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MTmbrane unit array 1-30 may be of arbitrary size. For example, it may contain 100 units or more than 
1000 :"tr/ach S^^^ unit V50 operates independently of the other units, ^--e. It w^^^^^^^^ 
understood that, at any given time, any hybridizing, washing or stripping 

may occur within any membrane unit 17-50. Accordingly, the hybridizaton ^''^^^^'^^llJ'^l^^—^ 
neously within different membrane units 17-50. Moreover, different oligomers may be used f'yb"^'"*^^ 
S dWerent units 17-50. Computer control of the operations performed within array 1-30 Pe^'^J 
rlLtic ove lapping repetition of these operations within simultaneously used membrane "".ts 17-5a As 
a^l! ^ewrhybrldized membranes 17-51 are produced more frequently for detection, and the overall 

^'''-S,°^ryrdSl'T;;"^^^ Oligomers to the sequencing patterns bound to ^r^^^^^ 
achieved by flowing a series of fluids over membrane 17-51 that enable hybridization, washing and s^rippmg 
S rlembrane T51. Such use of solutions is known in the art. as described, for example, in United States 
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membrane units 18-50 and a membrane 18-51. membrane 

ported to any j^f/^brane 16-51 ^^^^^J^'^^J^ i3 „ti^,tely controlled by computer 1-10. 
transportation of the oligomer to a selected synthesizer 1-20 or membrane unit 

However, one or more additional computer ^^''^'^^ ^^""^^m A^irr^T coMr device controls 
JO array 1-30 may also be employed to control operation of system ^-21. The compurer u 

" Z era^re liquid, air and vacuum flow through the f/^- --^^^^^^^^ ,B-50 is 

p.rdTrri5^rjrr 
. ^"=o=rrorT.^^^^^^^^^^ 

hybridization of radioactively labelled oligomers^The °P?;^»'°" °' -T^^J;;""^"^^ fn F gs 9^ and 19b. 
tion with that embodiment of detector 'y»'°;";3,^,%^^^^^^^^^ membrane unit 19-50 

^C^Z ™ £ Strrrr r .ay be ... or a Beta-ray 

30 detection sheet, for example. ^ ^ compressed 
Element 19-56 is first placed over cover sheet 19-53 Plate 19-55 's tnen m 

position to place detector element 19-56 in contact with membrane --^^^^^^ 1^55 is then 

contact is maintained until an image 19-56 

retracted from membrane unit 19-50. ^"d^detecto elemen^^^^9^^^^ e ^ 

Zc^: Tr^^^^^^ ^-e such as an X-Omat 

extended out of membrane unit array 1-30 by a ^wPff 5.32 ajopg g^ay 1-30 on 

« detector 15-40. Detector 15-40. in turn, can move "Tf ^^''^^^^^^^ of detection, a plurality 

rails 15-150, or other such tracks, between exposures. ♦"'*!,7"Jf7„J^^,aJ2 16^^ to be observed 
of detectors 15-40 may be used, enabling pattems on different membranes ibsi 

is film, detector 1-40 may be a CCD-based sMnner hybridization to sequencing 

Alternatively Zn^S "Sions (sL for example. S. Beck et 

patterns bound to membrane 16-51. After me apprup ^^^^ranA unit 16-50 into a CCD camera for 

so a... supra) light -'«ing p^erns may be^r^^^^^^^^^ 

detection, as shown in FIGS. 14 and 15 ^^9^^'^^^ ^"^^^ membranes 16-51 simultaneously, 

are preferably included in sequencer 1-. to f^^^^/"^^.^^^^^^^^ to computer 1-10. for 

Hybridized sequencing pattems detected by detector 1-40 are men iransie 

instanc by a seri s of el ctrical sig^a's^ ^^^trol of operations within detector 1-40 is 
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1-40 and computer 1-10, occurs over line 1-14. Such comnr)unication from computer 1-10 informs detector 
1-40 of the membrane unit to be detected in conjunction with informing array 1-30 of the membrane unit to 
make available for detection. Computer 1-10 is informed of the status of the detector, and is ultimately 
provided with electrical signals g nerated by det ctor 1-40 that repres nt th patterns of hybridized 
5 oligomers. 

In the preferred embodiment, sequences are constructed in accordance with a walking algorithm by 
computer 1-10. Computer 1-10 may be provided with a two dimensional pixel image of the sequencing 
patterns on membrane 16-51 detected by detector 1-40. Such images are then translated into a pattern of 
letters corresponding to the sequence represented by those images, thus forming sets of short DNA 

10 sequences. For example, computer 1-10 may use currently available computer software to translate the 
graphical images observed by detector 1-40 into a series of corresponding letters A, C, G and T, such as: 
"Replica" (G. Church, Harvard Medical School. Boston. MA.); Biolmage (Ann Arbor. Ml); or Protein and DNA 
Imagewear (Huntington Station, NY.). The sequence from the sequencing lanes of each sample on 
membrane 16-51 is then combined with sequence obtained from other DNA samples on membrane 16-51 

75 to construct a longer nucleic acid sequence. 

Computer 1-10 assembles the sets of nucleic acid sequences based on regions of overlapping bases. A 
region of overlap may contain for instance. 10 nucleotides, although it is more likely that overlaps of several 
hundred nucleotides will be generated. The sequence from each membrane 16-51 is then assembled onto 
previously determined sequence stored in the memory of computer 1-10, again based on regions of 

20 overlapping bases. Commercially available software developed for shotgun sequence assembly may be 
used to combine such short nucleic acid sequences into a final overlapped sequence. Examples of such 
packages are: GCG (University of Wisconsin); Eugenes (Baylor School of Medicine); and DNA Star 
(Madison. Wl.). Furthermore, the standard software assembly problems are avoided when utilizing the 
method and apparatus of the present invention, because instead of requiring shotgun matching of random 

25 sequences, all that is required is the addition of new sequence in an orderly fashion to the end of previously 
defined sequence, a much simpler procedure. Because computer 1-10 stores the sequence of the 
oligomers that were used to hybridize each membrane, assembly may be conducted in a straightforward 
fashion. Patterns from other membranes hybridized with other oligomers are used to assemble sequence 
for the opposite strand. If the assembled sequence does not overlap with previously determined sequence, 

30 it is stored separately. 

For each next iteration of hybridization, computer 1-10 predicts the next set of oligomers based on 
analysis of the most distant accurate unique sequences within the newly generated sequence. For instance, 
computer 1-10 may direct synthesis of oligomers complementary to the sequence lying within 20-40 bases 
from the end of the newly generated sequence. Computer 1-10 directs synthesizer 1-20 to synthesize that 

35 next predicted set of oligomers, and selects a corresponding membrane 16-51 from array 1-30 for 
hybridization with each predicted oligomer. Corresponding membrane 16-51 is selected based on the 
nucleic acid sequencing patterns bound thereto and on the availability of membrane 16-51 at the time 
synthesis of the predicted oligomer is complete. 

Control of sequencer 1-1 by computer 1-10 enhances the overall speed of sequencing by enabling 

40 synthesizer 1-20 to produce sets of multiple oligomers continuously. Computer 1-10 can generally predict a 
next set of oligomers to be hybridized within some of membrane units 16-50 before completion of synthesis 
of the previously selected set of oligomers, which are to be hybridized within other of membrane units 16- 
50. Computer 1-10 accordingly directs synthesizer 1-20 to synthesize that next set of predicted oligomers 
as soon as synthesizer 1-20 completes synthesis of the previously predicted set of oligomers. Thus, 

45 subsequent next sets of oligomers are continually synthesized. As a consequence of this interaction 
between computer 1-10 and synthesizer 1-20. next predicted oligomers are more likely to be available for 
hybridization within membrane units 16-50, thereby reducing total sequencing time. 

To start the sequencing walks, a variety of starting sequences must be available in order to synthesize 
a set of oligomers that will be complementary to regions of the unknown sequence. Such oligomers are 

50 referred to herein as "starting oligomers." When sequencing unknown genomic DNA directly, known 
sequences already contained within worldwide data banks may be utilized for this purpose. Additionally or 
alternatively, the DNA may be cleaved with one or more enzymes recognizing only a small number of 
nucleotides and shotgun cloned. Short stretches of sequence from multiple clones may then be read using 
primers homologous to the vector sequences. Similarly, th sequence of starting oligomers for cloned DNA 

55 may be determined by sequencing clones containing progr ssive deletions using prim rs homologous to 
vector s quences, such that a short stretch of sequenc is read every 1-2 kb. 

In th preferred embodiment, starting oligom rs of random s quence are synthesized. The length of 
such random starting oligomers is calculated based on th complexity of the DNA to b sequenced, such 
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that each starting oligomer should hybridize to a DNA sequence occurring only once in the DNA. For 
example, statistically, any given 11-mer should hybridize only once to DNA having a complexity of two 
megabases. The random oligomers are then used to probe Southem blots to determine If they identify 
unique sequences in the DNA. The computer program preferably begins with a collection of approximately 
5 500-1000 random oligomers which identify unique sequence for every megabase of DNA. 

Before instructing synthesizer 1-20 to synthesize a predicted oligomer, computer 1-10 will perform 
various tests on the sequence of that oligomer as a check. Among these tests will be a determination of the 
secondary structure formed by the sequence. Computer 1-10 will not direct the synthesis of any oligomer 
capable of forming a hairpin because oligomers that form hairpins may be inefficiently synthesized and may 
10 hybridize inefficiently as well. Instead, computer 1-10 will read along the DNA sequence enough bases in 
the 5- or 3- direction to pick a new short stretch of sequence that will not include the hairpin region and 
direct synthesis of a new oligomer based on that sequence. 

Computer 1-10 will also determine if the next predicted oligomer has previously been used, or if the 
next predicted oligomer is located within a region in which sequence has already been determiined for 
several hundred bases in both directions. If either of these conditions is found, computer 1-10 does not 
direct synthesis of that oligomer, but instead directs synthesis of a new starting oligomer. 

Computer 1-10 also determines if the newly generated sequence closes a region of DNA. A region of 
DNA may be closed either by walking inward from both directions, or by having one walk meet the 
beainning of an adjacent walk in the same direction. When the newly generated sequence is found to close 
a region of DNA. computer 1-10 shifts its analysis to the most 5' and 3' ends of the region, and directs 
synthesis of oligomers according to that sequence. Computer 1-10 may also begin an independent 
determination of sequence in another region, using new starting oligomers. 

When the sequence of a given sample is completed, no new oligomers can be made that have no 
been previously made, or that do not lie within a region of known sequence. In other words, all walks will 
have come to an end by overlapping other walks, and all starting oligomers will have been used. At this 
point, the computer will signal that analysis is complete. 

Computer 1-10 continuously performs various tests on the newly constructed sequence as « pe™''"^ 
the automated multiplex walking. After constructing the sequence derived from each membrane 16-51 the 
computer will first compare the two complementary DNA strands to search for a mismatch. The most likely 
cause of mismatches is compression of the pattern of DNA molecules corresponding to sequences 
containing stretches of C's or G's. This usually occurs because the DNA molecules fold back on themselves 
so that mobility during size separation does not correlate smoothly with length. Although compressions may 
occur on both strands, they usually do not occur opposite one another. 

When a mismatch between the two strands is found, computer 1-10 may direct synthesis of new 
oligomers for each strand of DNA close to the trouble spot. These oligomers are then used to probe 
additional sets of membranes that contain different restriction enzyme digestion products of the sanie DNA. 

Alternatively, computer 1-10 may direct synthesis of modified oligomers capable of hybndizing to 
sequence ladders generated from DNA that was previously treated with bisulfite. Such treatrnent causes 
cytosines in the DNA to be converted to uricils, thereby eliminating compressions. [See. e.g.. N. Okada et 
al J Biochem., 91, pp. 1281-91 (1982).] If computer 1-10 cannot resolve a particular mismatch by either of 
the se methods, it will flag the sequence output for later human inspection and intervention. Sequencer 1-1 
may continue to operate, however, because other portions of the nucleic acid are still capable of being 

Certain sequence elements, such as middle and highly repetitive DNA, may not be amenable to 
sequence analysis by automated sequencer 1-1. Computer 1-10 is able to identify a repeated sequence as 
a DNA element that has two or more regions apparently flanking it on the 5' and/or 3' sides. Computer 1-10 
may not be able to sort the connection across the repeat, and in those cases it will flag the sequence output 
for later human Inspection and intervention. ..... u ■ .^m 

The higher the complexity of the DNA being sequenced, the more likely it is that such elements will be 
present. For this reason, it may be advantageous to clone large fragments of high comp exity DNA into 
yeast artificial chromosomes or other vectors, so that repetitive sequences will occur with a decreased 
frequency. In addition, oligomers derived from multi-copy genes, or derived from conserved portions of 
genes contained within gene families, may hybridize to multiple sequencing ladders simuttaneously. and no 

discrete s quenc will be discernable. 

When any of th above situations arise, computer 1-10 will flag the sequence output for later human 
insp ction and intervention so that these regions may be sequ need by oth r means to deternriine the 
connectivity of the sequence across the region. For instance, oligomers derived from the closest unique 
sequence may be used to screen libraries containing cloned DNA. Once a clone Is obtained, it may be 
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mapped and sequenced by methods well known to those skilled in the art. for instance, by Southern blottng 
^?sequencinVof progressive deletion mutants. Alternatively. PCR could be used to generate sequence 
Sross the repeat. Meanwhile, computer 1-10 would direct the synthesis of a new starting oligomer m order 

to begin sequence analysis in a different region. m..^i» tha* thAm 

hTis also conceivable, particularly when sequencing highly complex genomic DNA d'rectly^tt.at the e 
may exist regions of DNA in which there are no restriction sites. Such regions wiN not be a-^e-iaWe to 
sequencing more than several hundred bases from the closest restriction site on each side. « case^ 
the oligomer hybridization will not yield discernable sequencing patterns: this is ^^^^^^^^^ ^l';'}^;' 
these oligomers are derived from regions in which there are no restriction sites. Again, "P"" f 
,0 such a r^ion. computer 1-10 will flag the sequence output for later human inspection ^"f ^° 
«iat this area may be sequenced by other means, for instance, by isolating the DNA with the aid of the 
SgnoSic oligomer, fragmenting it by sonication or shearing, and then sequencing, either before or after 

"""Thus it will be apparent that the combination of the four principal components of sequencer 1-1 into a 
,5 unified a^paraUis creates a fully automated sequencing machine that rapidly determines the sequence of a 

nScleic acid molecule by synthesizing multiple oligomers simultaneously, hybnd.zmg oligomers to multiple 

membranes 51 simultaneously, analyzing the sequence and predicting next sets of oligomers. 

It will be apparent to those skilled in tiie art that the invention described herein can be Practiced by 

other ttian the embodiments disclosed herein, which are presented tor the purposes of illustration and not 
20 limitation, and the present invention is limited only by the claims that follow. 
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■ fi Mrs Tmaait* 1 ralsv to tlBult*n«otttly •wlteli f 2 valvtt, 
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call 9«titr(ch«ek,'Blt MTUM to btfla •ynthMl«.'.'<C»>',rMch.ek) 
2 1 opb.,. Xoop.nd 

!S!"luT ioS!'Se. ». pot. Wt.. rxn.t.p. 
rowB». r«nvXv, wq*. "top. ottpMX, 

MOM AD0mVf_CB»IX8WT(ehM, eh.»2, 

•nd if 
End do t stop 

End do I eye 

call wribot( rt««t( 1 : 1 r«»et ) ) 
END tfolacftynth 

: 

2 colMiT down, drlvoj long. Id, 

3 ldcvcB«nd. lc«Md, lu, '«"too, 

coordln*toi TCA, oxidation and capping otop* 

IntogarM colM«,rowmaE,stopM«,ttoughB«,r«n«top.vlv.*» 

5i:(;tfti5r),1S?.(.t.p.a*, «n.fp) 

zlAu S»lt(«tip«a«), iraIt2(.topMx) 

cha«cUJ»30 Chi.(.fpw«), cht.2(.f P-K) 

ll;«:ct:r.60 d^(Ui«.,row...), «p(col«x,row..x) 
cht"ctIr4o txnvlv(troughmax, vl^ax) 

l£ (itap.oq.a) roturn leap 
l£ (tttp.tq«4) than 

vlv-l loxldlsa 

oldpoa*5 

end If 

If (tttp.aq.S) than 
vlv2 I TCA 
oldpos"13 

end If 

call MOVE. (oiapo..PO.(.t.PW,-'tro;,"u:$u"*' 
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r«»ct tlpst 

print •,ch««Ht«p) 
Wrltt(6«, M*) ' )ch««(tUp) 

d«lt«-0 

do whll«(d«lU.lt.wat(»ttp)) 

d«ltft«s«eAdft(tlM) iirlv«. Id, ldrvcMnd,lc««nd, 

•nd do I vhil« 

cins« trough 

print*. ch«2(«t«p) ^. 

wr I tt ( 6< , M • ) ' ) ch«n2 < tttp) 

d«lt«-0 

do whUo (dolta.lt.ifftlt2(tt«p)) 

rtmovo r«a9«nti 
rlnstt 

print* *cht«2(«t«p) 

:iiri"p;«ivi^:w!5):'»nvxv(vlv.6), lc«nd. pu.pt.(.t.p,2)) 

«ll*;«iSu«nTW(vlv.l). r.nvlv(vlv.4). IcMMfii. p««pt.(.t.p.3) ) 
d«lta-tocnds(tU«) 

•nd do iwhlU 

roturn 

•nd I non addltlv* _ch«nUtry 

• 

rnw «»i««M.row««x,it«pM«»r«n«t«p.vlv«M 



^Sii^tlpSiT P«pi P^^ 

tmmi-o C.ltJtt.pM*). w«lt2{«t«pM«) 

iSt:',«-4 l!'b?^"',. .! .onoT trou,h.«nit 
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h«i a CH3CH rln»« at th« 

^ . e«.«r* with or«lo»d«d d«trltyl«t«d •olid phmmm 

tii$n: I I r«t«:i*5ySthis;. .t.p.. it cppm, 
it'^t'.t ritr^i uiii s^Di?s'cS?.rpi:"-with coi.2 .tc. 

lon9*. not .long 

■11«(1)«'A' 
»ll»«a)-'C' 
»ll»(3)-'0' 
all«(4>»'T* 

So:T^U%'"i "Su$; I. .ov.d to .ono.« po. fro. TCK po. 
Th. followm, routln.. "tabli.h tj. tl.^^^^^ -^^^ •^•P- 

T:^!§"?n.t2]:dnrs?3S" fo«.t, 

fllanaact SOLAMYHTB.Tm 

SfSSSsITABltilOUOB fO«lTA.|T«OUOH rittlHC TIM 

i r°u:.'("Sc«l trough po. l.p.cj tl- to fill trough 

i ??SS2'?l~ ?tp.c..l tl.. to till trough 

6. HONOHEIl MOOCB VACUOK 

7. tlM to.«pty trough. 

S- ?5"«2.*R5Ic«l trough po. l.p.c..l tl.. to fill trough 

IS: ^nM"uM ?5p.c..l tl.. to fill trough 
12 CAPFIKO WOUOI VACUtm 

13. tlmo to •■pty trough 
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is* «"tIi2*C •!«€.• J trough pot Itpaettl tl.. to tlil treush 

17 rlns* tlM l«P*e"J 

U. OXIB*TXOII WOOM VACUUM 
19. tlML to •■pty tro«9»» 

uirt.Scii)*trou9h pb. I. pool tl.. to fill tro«9h 

C.p«c.oJ tl.. to fill trough 
24. TCA TKOUOI VXCWm 

J5. tlM to ..pty trough 



print*. »0p.nln9 BOUMWn.TM for "■iM.P*";?^?!?"-' 
Sp.n ( li , ni... • iol.r .ynth . t.r • , .t.tu.- • old' , r..donly ) 

taka car. of h.ad.rt 

r.ad ( 11 , ' < a ) ' ) duMylln. 

r.ad thi 4 8«ta of tl.lng patawtara. 

do I- *',5,j,ii^,,.,»,eha.U) 

write! 66. *)' chea( i )'* chtnt i ) 

.ru.c«*::??iiuaT!j:iU5ip«iJii?n?^-^^ 
i:t?ith:iv;qT!;i!ch..|«i, 

vrit.<.«:::niir:lT:tgitU?ni'!i;fia«i>.^pt.<i.2, 

r«»d(ll,*)pu«Pt»(l,3) 
writt<66,«)'pu«pt«(lr3)'#pu«pt«(lt3) 

tnd do 11 
if Uon9) th«n 
do i«2«S 

%f«ltCl)-v*lt(l)»60 

walt2(l)-v«it2(l)*60 

•nd do 
tnd if 

pt;nt2!^Sln?»WU«HCl.lM for .ynthj.it pjra.jt.r.. . . ' 
gpiSuO ,n«S."'oqSftco • ins .t.tu..' o^^ 

Lon-0 

Do coX«l#eolMX 

jnd7xo;MSr!irr-9,tnd-9)».q(col,rov) 

d^Sriii* Lin! flip 3' to S-; wd trantUto to mono.or • 

«ii(cSl??ow,b)-0 I inlti.Uit to no .onomtr coupling 

•Ad do 
bb«0 

do b"lonBas#l»-l 

Chlck^UDD«C •nd 16w«rc«st ACOT,«tC.t , . 

IfT ch«tnch.r(oq(coX,row)(b:b)).32).tq.nU»(«) 

^ .Sr:.S5(col,?ow)(b:b)..q.«Ut(») ) th.n 

bb»bb4-l 

If(bb-oq.l) writt(66,«)' ' 

itJtiri'ia'J^i'St 4.corrtipondin9 to • .onomtr 
vrltt<66,M«,4l4,*,t)')' Col;Row,baM,«' 
,col,row,bb,a.»oq(col,row)(bib) 

qoto t 
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end do 

print*, 'CrU RBSBT' 

cAil wrlbot(cpur»««t (lilcpur«»«t) ) 

print*, 'iroCTXfLlXlB 

call wribot(r«««t (lilrtMt)) 

NC-col-1 
NH-rov-l 

If(M1i.l«.0) thtn 

NK-rovus 

NC«NC*1 
End xe 

initlftliit all r«l*y« to th« no pow«r ttata, thon sat to 'Uf. 
DO col « 1«NC 

DO row - l,rowM« 

H(coI.»Q.HC.»nd.row,9t,Hy) goto 2 
call wribot( up(col,row)(l:Iu(col,row) ) ) 
End do 1 row 
End do 1 col 

prlnt^^Enttr tho nu.b.r which corrt.pond. to da.irtd opor.tioni' 

oJlnti!'!. Position trough unit.' 

print*, '2. FrlM rotgonti.' 

print*, '3, Activato EOlonoidi. 

print*, '4. mltiato »ynth«ii».' 

?airgitllnt(pr«,'Your cholco?' .999) 
if (pr«.oq.999) goto 2 
if (pr».lt.l) goto 2 
if (prB.gt.4) goto 2 

if (prs.oq.l) call Do»ltlon_trough(drlvo,lc«md,ldrvc«Md, 
2 trough^unit) 

if (pr».tq.2) call pri«a.r«agtnta(cpura»at,lc««nd,lcpurtaot, 
2 lroaat,ra»at) 

if (pra.aq.3) call »olanoidt(colMi,down,ld,lu,irc, row«ax,up| 
if (prB.«q.4) goto 3 

goto 2 

continu* 

return 

and linitialixa 

****Iub«utinrDirALrC0^^^ <»o^t driva, Id. ldrvcMnd,lcMnd, 

5"*^""^ lu, NC7 po?, rowia», attp, atap.a*, trough.unit. up ) 

Dips all tips ona coluM at a tl.a into a givan trough 
lntagar*4 col, row, rowmax, atapaax. colaax 

iStel^M ld|eolMi.rSw«««), lu(colM«.to«««), l.q 
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15 



20 



30 



35 



45 



50 



ehtr2euc*60 iti^\lll»^x.to^K) . «P<e l-K.r inu», dtlv«(3) 

waltAft c«^0i00.50' 
DO col « IfNC 
do i-l, 5 — 

Do row • l^rovaai ^ . 

X£(col.#q.MC*l.aftd.row.9t.H«) foto 4 
cllX vrlSot(down(col,rov)<ltldrcol,row)) ) 

•nd do I row 



10 call w»lt«r(w»ltaite) 

do q*l#5 

Do row " 1 , rowaax ... ^ k 

call irlbot(ttp(col,row)(ljlu(col,row)) ) 

•nd do I row 
and do iq ^ , 

nawpoa-poa ( a t ap ) -col 
and do I 1 

2 " ^^(J«(;?SD)!2Ji*i?M!^^ 

2 '^^;:?;?S5)'«U??^;^itap),driva,W^^^ 

4 End do I col 

contlnua 
raturn 

and I dip_all_colf 

25 aubroutlna ADO KOKOHBR (cha«r cham2, 

2 col»ax7cyc,down,driva,ld,lan»aK,ldrvc«Md, Icwid, 

3 lu, Mlia, MHO, KC, Hit, poa, puapta, rxnatap« 

5 tcough^unlt. troughaax, up, vlv«*x, wait, walt2) 



40 char»ctar*60 



Coordinataa ■onoaiar addition 

i n taqa r • 4 colmax , rowaax , a tapsas , lan»ait > r xnttap , vl v«a» , 

rami dalta^ tlaa ^ . 

raal*4 poa(atap«ax) ,ptt«ptJi(atap«ax,ranatap) 

raal»4 Slt(atipi«)v ♦«it2(atapmax) 

iSti«i»4 ld??c«wid, IcMnd, atap, aono, eye, q 

intalarM MC, HI, co, I, trouoh»a«, ttough.unit 

iStI«r*4 ld{coliax,rowmax), Iu(colmax,rowMx) 

int!2IrM i;ii";i.;x,row.ax.lan«ax),£iratmono,laat.ono 

charactar*30 chaS(atapaax) , cha»2<atap«ax) 

charactar«60 driva(3) , . , 

eKAractac«60 rxnvlv< trouohMX, vlvaax) 

lh«"t!r4o down(cilnax:cow.ax) . up(col.ax,row.«x) 



laitiono • 6 IXNCREASl TO 7 WITH CAPPING 

Uu'K:p(rini"(l^^^ rxnvlv(l,2),lc«nd.pu.pt.(.t.p,l)) 
and do 

whlla thara ia tlma: wait 



55 
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c.U .ov«(po.(.t«p-l),poi(.ltp),drlvt.ldrvcMnd,lc«wd.tro«gh.«nit) 
print* »ch«(«t«p) 



tla«"ttcndi(0.0) 



«ii\ddIllS;^^c;JV5olSii^ down, dclv#, l4,ldrvc«nd,X<«nd, 
3 sUpMx, troughna«, trough.unlt, up) 

d«lt««t«cnds< tin*) 

•nd dot additlten 

whllo thor« !• timm t w»it2 

print*, cht«2(st«p) 

wr i t« ( 66 , * ) ch»2 ( • top ) 

dolt««0 

tlBt«socndt(0.0) 

roBOvo ro»9tntJ 

^iir;«S(rinvi;(i:3>, rxnvlvd^D, l««.d, pu.pt.(.t.p,3) ) 

ond do 

do whll* (delta. It. w»lt2(ft«p)) 
puap cln»«: 

r.»»lv(l..). lc««d, p«.pt.(.t.p.2)) 

•nd do 



2 
3 



addition (cyc,col.ax,do%m.drivo,ld,ldrvc««nd,lc«nd. 

"i:nS:i:iu:«li.%ono, nc. m. POi, ro«.«, aoq.* -fp. 

Atopnax, tcoughnax, trough_unlt, up) 

•nd do I ^ ^ ^ 
dalta-aoendaitlna) 

- illf'^SuSivl^lTI)! r««vlv(1.4). Xc«nd. p«.pt.(.t.p.3) ) 

and do 
•nd dot rlnta 

roturn 

•nd I add monoBOC 

3 troughMX, ttough_unlt, up) 

(I«cldtt which tlp« dtop into vhleh mono««t trough 

lo9ie»l long, drop loopboa, loopond, n.nono.ottp 

int«9«r*4 b, bb, eye. ^Jit, trou9l»«.S 

iStlHr.l ld|e?i;."ioi;.5 . i«<"lS.i.cow;.xll. ie««a 
in\Alt'\ col.;. , cowm. . !.«.« > . Idcv c^nd 

eh«ract«t*X ■lU(aO) 

^h^Iftir.lo dSiS(«l«..ro«.K). «p(coX«..ro«..). drlv.(3) 

waitaaac-'OOsOl.OO' 
f irateo - oo»«at»o) 
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End It 
tnd d t • 
tnd do I b 
i£( Ltn.lt.bb) t«n«bb 
End da^ row 

cSl-«l«rl on Uav fortran Xoop ind.x 90.. .1 b.yond ll.ltl 
continu* 

int«cf«ct r«i«t«i 

lepur«stt«0 
lr«»ot*10 

valvo •••lgn»;ntti t.M.nt trought, tach with d«dlc;ttd 

wt art currtntXy up Jjj •/••glpping li not u.td. If w« add 
raagant, vacuus « rlnsa ^•*^"i,^ek Sill havt to ba rawlrad to 
capSlng ifj*' Sr«I„^;ol%« ^ incraaaad to 7, 

rtfUct thla and J?"*!?^.ctttaX 0»aga ralay nu»bar. Onca capping 
Tha vatlabla <i 'f^^J^J. ^JS/ptSSraS th^ wiring harn.aa .uat ba 
5::i^:rao"rhU*r:?ai'^X-t»5^'2^^ ^-^^^^ 4-X .ono.ar, .tc. 

So^p«l*vlvBax«2 

do l»l# tcoughaaa •) • ) '#l,Sif' ,q, '-1* 

wrlta(rxnvXv(t#p)#Ma,i2»ai ; »h' 

2 //char(X3)//char(X0) 

q-q4X 
#nd do I vXvsax 
•nd do I troughaax 

caXaya X9 - 24 - soXanold X2V 

:?i?:(;r?virx)"?a)')'ti.s« 

MOTOm - CW/CCW ,,.ww*t ci|26-XV/ch«r(X3)//char(X0) 

Idcvcund - X9 
Xcmmd - XI 

raXaya 27-32 • aoXanold 5V ' * ' / 

Xift a drop coaaanda for tha aoXanoldai 

..xa IXat X2V aoXanold aailgn.tnt on 0H-9X$ la naxt, X9 

DO coX*X,coXaax I coX - » 

lu(eel,rew)-2S I 25 

:mi(down(eol.tow),M.,l2.«»M'«l.SII'..*8.'-0' 
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MC h ld» ••MM v»ltt» M COUUXl 

5Sin col-a. Soy. is to petition -2, otc. 

Do row • i,ro«m«x 

bailout condltlontli ^ ^ _ 

.ln(.ono.eoX) t.turn. th. .wlUtt ■•»22;i'"'**'' " *' 

ov«r ■ono««c ttouW** 

TSir.t p...: co-l-l*l . 1 
tl}ro:U:Sc!.2d"o",t.H.) ,oto n .b.ilout condition.! 

First pan J »-l 

"*rf'?i'd;nVrni't2';itSJit"fii. • -rop th.t tip. 

' C.U wr!K4riiiS{ii:ro:)ulxi(co.ro«„ > 

•nd If I 
•nd do IB 

contlnuo 

•nd do I , 
coll ¥»lttr(w«it»««c) 

lift tlpstc«»d to all 
do c«l,NC 

llNctlfl^Sc.wd.r.gt.MJi) goto 14 

«lbotC up(c.r)(l«lu(c,t)) ) 
•nd do 1 q 
•nd do trov 
•nd do 1 col 

contlnuo 

l*«t«p-flr«t«p-cbl*l 
drop*. 

End do 1 col 
return 

End I addition 
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tutor utln« «clbot|d«t«) 

TO output .trl«« £ «nkn « l^g^^.^,.;-.!*'' ' " 

iithout t««iB»I <CR> or otMt ch««ctot«. 

vacsloa t79 *pc 1 l9^^ 

int«a«t*2 tteh«»,ttlBlt,lo«bM» 

ch«r»ctir*(*) d«t» 

irti?2:x'iy!«"iv.«.iow_-oro«*» 

^SSc"I«}uoc}ios«xT«v.t«).%ioc(io$«.Norowut)) 
icod»«LXi$OiT If < •«) -^^,,--^1 ivja.( leod« ) ) 

!f f':s^!iiss5i•iIuW.ffiUv^.licod.,) 
tr(!;ot!!"a:T"itx'ixB«««*^'»vAt(icod.)) 

return 
tnd 



intt9«r*2 function TTXMXT( ) 

logical lnlt,y«»trtp 

intaa«r*2 ttchan ^ . 

iStSI^M l,fYS$A88XCM.lcodo 
ch*rftct»c*60 port 

ttM ilil i'.li"tki.. .n- only th... v.lu.. 
:ta.d"f«"M"«oh ti.. thl. routln. 1. c.Xl.d 

If(inlt) th«n 

r.n%i"5iipoct,' M2« sort 0-1 ',port.y..t..p) 

lnlt«.fftXs«- 
•nd Xf 

TTINIT • ttch«n 
return 

subroutine tiwr^tubO 
mcXudt '(Itytttvn**)' 
into9«r*4 ttatus 
statuB-tyiSvak* ( » ) 
return 
•nd 

subroutine weitor (waist) 
charactcr*5 waiat 
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includ* M$iy«»'vn«{' 



;5t?So;!'':t"«r e.u ub$.i,n.i < %vi ( .t.t«. > > 



r«turn 
•nd 



rri'trrvciiiii 

subtoutin* novi«(oldpo«,n;«po..dclv«,WrycMnd, 
2 lcMnd,tcou9h_ontt> 

SSip«li.5 tht old po.ltloD t. «.w po.ltlon. 
real po«, tl»t 

\tVA:\*A n:iirtrou,h.««it. l.ldrvc««d. d.lt. 

chftrftct«c*« ¥»lt«MC 
ch«r«t«c*60 ttr 
ch»r«cttc*60 drlv«<3) 



driv«t 1-pulM on/off, 2-Cll# 3-COi 
d«lt« - lnt(oldpo»-n«wpoi) 

l£ d.lta U po.ltlv. th« rotate CCH. If n*9«tlv« thtn rotat. CW 
it (<>*lta.It.O)^th.«^^ 

d«lta«d«lt«*(-l) 
•nd l£ld«lt».lt.O 
1£ (delta. •q.O) d«lt»«l 

walttstc-'OtOO.Ol* 
do 1 -dtlt*, X» -1 

0« ^-'i.irS1l5S;<drlv(l) (l,ldrvc-nd)) 

call vaitar<waitattc) 
•nd do iq 
•nd do li 

raturn 

End IHOVCx 

'*Sub«uUnrPuiJ(vlCo^^ vlvcls, Icaand, puaptm) 

op.n. and clo... • qlvn vlv tot tim. valua In FUHFTM 

dalta, tlaa, ptt«pt« 
IntagarM Icwmd 
charactar*60 vlvopn, vlvcla 
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10 



20 



25 



30 



35 



40 



print* • 'puapt*-' *pumpt« 

call wrlbot(vlv pndtlcuAd)) 

wait f r puaptsi 

d«lt«-0 — 

tla**«*endt(O.Ol 

do «hll«(d«lta.lt.puapta) 

d«lt««s«cndt(tlao) 
•nd do I whll« 

elot« v«Iv«» 

call wrlbottvlvcls (Itlcwd)) 

liaturn 

Knd IpuJip 



***"*"IubJoCtln« F08ITI0H TllOOGH<drlv«, IcMnd, ldrvc«mnd, 
IS 2 trough^unlt) 

InltUlU*. trough to TCA POiltioa and allov, ut«r to aov trough 

• to any o« tha actlva trough poaltlona 

raal*4 oldpoa, n«vpoi 

loQlcal long, chack, yaachack 

lnta«r*4 Icaind, Idrvcawid, trough.unlt, i 

charactar*t ''•^^••t? 
charactar*60 drlvaO), raap 

* poaition trougha 

96 call gatatr(raap,'lnltlallia tha trough? (Y/H) ' , ,long) 

If ((raap.aq.'ll').or. ratp.aq.'n' ) goto 97 
if ((raap.aq.'Y*).or.(raap,aq.'y')) goto 95 
goto 96 

95 print*, 'Poaition trougha ao that column I la ovar tha TCX troughi' 

print*, 'll Turn on powar to tha atappar aotor.' 
55lSt*:'HiviIl KAHUALLY MOVI «« KOTO* HITH POOTH OHl' 
?5lllti:'ltika aura that your tingara ara out of tha wayl' 
call gatatr(chack,'Praaa MTOWJ whan dona i • ,yaachack, long) 
call wribot(drlva(2) (lilcaand)) 
waitaaac-'OtOO.Ol' 

do 1-1,365 Ithla put. trough 8 (TCA) undar col 1 

call wrlbot(drlva<l) (l:ldrvcamnd) ) 
call waltar(waltaMC) 
and do li 

oldpos-8 

S^iStif'Bntar tha nuabar which corra.ponda to petitioning' 
prlIIt*!'coluan 1 ov.r tha Indlcatad trought' 

print*,' ' , , , 

print*, 'poa col 2 col 1' 

^5 print*, '5. T - 

print*, '1. 0 T' 



50 
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prlnf.'J. C 0 

ptint*,'4. - * 

pclnt*,'«. - 

print*, '10. - _ 
print*. '11. CKf - 
print*, '13. - « 

Mi«lti.Ii.. tro«,h ' 

print*. '•»». CI*' 

print*.' ' ,^ 1. ..».r*d th« trough will •utoBatically' 

rrisi::'«l:" U i:.:?""^ 5S:nToS'«it tm. r-tm..' 

print* t' ' 

c^ll 9.tlc«l(n.wpoi,'yo«r cholc#7 Curfnt pcitlom Soldpo.) 
If (n*wpo»-*q.9»») 90*2*." 

ii l?:rp;;n;^|l.KS!.nUvxt..,, ,otc ,7 

^fli"::?:;i:!d;"'S:ip2!!driJ. . Idrvc^n- , lc«nd. trou,h.unit > 

oldpoft«ntwpot 

goto 97 

continut 

1£ (oldpot.no .6) tntn 

SIlTSS.* ( oldpo. .n.*po. , dr iv« . ldrvc«nd , lcM«d . 

2 trough unit) 

•nd if 

_ return 

•nd ipotition^trough 

9ivo» usor control ov.r rtagent v«lvo» 
intogorM pr., lc«nd, Ir.t.t, Icpuro.ot, 1 

logical i 

^{;:"ct«:So nU"! Sr-lv. cpuro.otp r...t, chock 

rrlSt*:'vlcuu. V.1V. will b. op.n with all ro.g.nt .oltction.' 

print*,' ' 




print* . 

?:u%;Ulnt(pr.,'Your choie.? 999 to quit;. 999) 
it (pr«.«q.999) qoto 68 iquit 

if ((pr..,t.lS).or.(pr..lt.l)) ,oto 69 llnput out of r.n,. 
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it (pr».lt.7) th« UM9«ftt vftlv. 

vrit«(vftep»r •(•#lif«) ') #P^»^»» •* 

2 //ch«r(l0)//ch*r(13) 

call wrlb t(vacprm(lflcmnd)) 

2 //ch»r<10)//ch*r(l3) 
•nd if 

1£ (DrB.at.13) th«ii Iriin* v«lv« ^ . 

2 //ch«c(XO)//char<lS) 

call wribot(vacpr«(lilcm«d}) 

2 //ch«t(10)//ch«t(13) 
•nd if 

«li*5:ni?Uh;2k!'Hit HETUlui to do.. v.lv.','<Cii>%y..ch.ck) 

call wribot(pr«vlv(l»lc«wid)) 

c.Xl w*lttr(wBit.itc) 

call wribot(v.cpr»(l:lc»«nd) ) 

goto 69 



68 continu. 
r.turn 



•nd lpriM_r..9tnt. 

.ubroutln. sOLEHOXDS(coX«.x,down,ld,lu,HC,row».«,up) 

* 9lv.. u..r dlc.ct control ov.r Individual .ol.nold. 

lnt«9.r*4 colaax, ro«max«c« r«NC 

iSti«r*4 !S(c5l»M,row«a«), ld(cola«,row«a») 

charict.t*60 up(col»a«.row»a«) , down(col»a«,rowMx) 
chacactar*60 caand 

SriIIt*''Tbl. coutm. allow, you to control individual .olanold..' 
pJiS^I'Sl tlprilll tutoMtlcally lift whan you axit th. routin..' 

print*,' • 

886 print*, 'Entar 999 to 

call gatllnt<c,'Colunnt',999) 

if (c.aq,999)goto 685 

if (c.gt.colaax-or.c.lt.l) than 

print*, 'input out of ranga.' 

goto 888 

•nd if 

887 call 9atlint(r,'»owt',l) 
if (r.aq.999)90to 685 

if (r.gt.rowmax.or.r.lt.l) than 

print*, 'Input out of ranga.' 
goto 867 

•nd if 



886 



call gatatrU«and,'U or 0: ' , 'U' ,y».ch«ck) 



37 



EP 0 514 927 A1 



90to 681 

aotO S0B 

•nd it tdown ^ ^ , 

ptlnt*,' input out of rang*. 

goto S66 

8S5 do e«l#NC 

do '-^;[;««t,^t(up(c,r)(X«l«<c.r))) 

•nd do ir 
•nd do ic 

884 Contlnuo 

return 

•nd isolonolds 



Claims 

1. An automated nucleic acid sequencer comprising: 

a synthesizer for syntliesizing oligomers; ,«omhranfi<5- 
means for hybridizing synthesized oligomers to sequencing patterns ■mmob.l.zed on membranes, 
means for detecting hybridized sequencing patterns; 

means for analyzing said detected patterns to construct a nucleic acid sequence; and 

mrnrtor predicting next oligomers for subsequent synthesis, hybridization, detection and analy- 



4. 



5. 



sis. 



The automated sequencer according to claim 1. wherein said synthesizer simultaneously synthesizes at 
least two oligomers having different sequences. 

The automated sequencer according to claim l or 2. wherein said means for hybridizing sin^"'taneo"Sly 
hybridSrS leaS two oligomers having different sequences to respective selected membranes 
containing immobilized sequencing patterns. 

The automated sequencer according to any one of claims 1 to 3. wherein said means for detecting 
simultaneously detects hybridized sequencing patterns on at least two membranes. 

The automated sequencer according to any one of claims 1 to 4. wherein an oligomer J hybrid^^^^^^^ 
sequencing patterns bound to a first membrane at the same time that hybnd,zed sequencing patterns 
on a second membrane are detected. 

6. The automated sequencer according to any one of claims 1 to 5. wherein ^}i'fff°^^}'J;;^^t 
to sequencing patterns bound to a first membrane at the same time that a second oligomer .s 

synthesized. 

7. An automated nucleic acid sequencer comprising: 

means for predicting oligomers to be synthesized; 

a syllthesizer for synthesizing at least two oligomers of predicted sequence simultaneously: 

a pLality of membranes, each membrane containing """"obiiized sequencing patterns 

mSans for selecting at least one of said membranes for hybridization with each of said synthesized 

°"'°means for hybridizing said synthesized oligomers to the sequencing patterns immobilized on said 

selected membranes; 

means for detecting hybridized sequencing patterns; and 
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means for analyzing said detected patterns to construct a nucleic acid sequence. 

8. The automated sequencer according to claim 7. wherein said means for hybridizing simultaneously 
hybridiz s at least two said oligom rs to the sequencing patterns immobilized on r spective selected 

5 membranes. 

9. The automated sequencer according to claim 7 or 8, wherein said means for detecting simultaneously 
detects hybridized sequencing patterns on at least two membranes. 

10 10. The automated sequencer according to any one of claims 7 to 9, wherein an oligomer is hybridized to 
the sequencing patterns immobilized on a first membrane at the same time that the hybridized 
sequencing patterns Immobilized on a second membrane are detected. 

11. The automated sequencer according to any one of claims 7 to 10. wherein a first oligomer is hybridized 
T5 to sequencing patterns immobilized on a first membrane at the same time that a second oligomer Is 

synthesized. 

12. An automated nucleic acid sequencer comprising: 

means for synthesizing a set of at least two oligomers of predicted sequence simultaneously; 
20 means for labelling said oligomers; 

an array containing a plurality of membranes, each said membrane containing immobilized 
sequencing patterns; 

means for transporting each said labelled oligomer to a selected one of said plurality of mem- 
branes for hybridization to said immobilized sequencing patterns; 
25 a detector for detecting hybridized sequencing patterns; and 

a computer 

for determining a portion of the sequence of said nucleic acid from said hybridized sequencing 
patterns; 

for checking said sequence; 

30 for predicting a next set of oligomers to be synthesized and hybridized to sequencing patterns to 

extend the determined sequence; 

for selecting next membranes for hybridization with said predicted next set of oligomers; and 
for directing the operation of said sequencer. 

35 ia The automated sequencer according to claim 12, wherein at least two predicted oligomers are 
synthesized simultaneously by a single synthesizer. 

14. A membrane unit which comprises: 

a backing plate having a substantially planar front face and margins, said membrane being bonded 
40 to said face within said margins; 

a flexible cover sheet bonded to said plate at said margins and extending over said face, enclosing 
said membrane between said face and said sheet; and 

tubes attached to said sheet to form inlet and outlet ports for permitting fluids to flow between said 
sheet and said membrane. 

45 

15. The membrane unit according to claim 14, wherein a cover plate oriented in a plane substantially 
parallel to the plane of said face opposes said face and is moveable normal to the plane of said face to 
contact and to move said sheet towards said membrane to limit the separation between said membrane 
and said sheet when fluid is placed between said membrane and said sheet. 

50 . 

16. The automated sequencer according to claim 12 or 13, comprising a membrane unit according to claim 
14 or 15. 

17. The automated sequencer according to claim 12 or 13, comprising a membrane unit according to claim 
55 14 or 15. wherein a d tection elem nt is ins rted between said sheet and said cover plate. 

18. Th automated sequencer according to claim 12 or 13, wherein said membran units are adapted to 
extend from said array to be pres nted to a detector for detection of hybridized sequencing patt rns. 
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19 An automated sequencer for nucleic acid sequencing using a multiplex walking technique comprising: 
an Oligomer synthesizer for synthesizing and labelling ollgom rs of at least two sequences 

'''"?m"embrane unit array comprising a plurality of membrane units, each membrane unit comprising 
a membrane containing immobilized multiplex sequencing patterns, said membrane units being 
adapted for multiple independent hybridizations with different oligomers; 

means for transporting each labelled oligomer from said synthesizer to a selected membrane unit 

TdSSonot detecting hybridized sequencing patterns on at least two membranes simultaneously; 
and 

a computer 

for predicting a set of oligomers; 

for directing said synthesizer to synthesize and label said oligomers; 

for selecting membrane units for hybridization with each said predicted oligomer; 

for directing transport of said oligomers to said selected membrane units; „„Kiii«H nn 

for directing hybridization of said oligomers to multiplex sequencing patterns immobilized on 

membranes contained within said membrane units; H^,»„«in<. ehnrt nndaic acid 

for analyzing said hybridized multiplex sequencing patterns to determine short nucleic acid 
sequences, combining said sequences to construct a longer nucleic acid sequence, and checking said 

'°Tr:^dtirJ VnT^^^^^ selec^ng next membrane units for hybridization with said 

Sr:^'re'Ts"? Oligomers is hybridized in a first selected membrane unit simultaneously with 
S^ithesis of one of said next oligomers for hybridization within a second selected membrane unit and 
presentation of a third hybridized membrane unit to said detector. 

20. An automated method for nucleic acid sequencing, which comprises the steps of: 

synthesizing oligomers; K,or,i»e- 

hybridizing synthesized oligomers to sequencing patterns immobilized on membranes, 

detecting hybridized sequencing patterns; 

analyzing said detected patterns to construct a nucleic acid sequence: and 

preLing the sequence of next oligomers for subsequent synthesis, hybrid.zat.on. detection and 

analysis. 

21. The method according to claim 20. wherein oligomers having different sequences are synthesized 

simultaneously. 

22. The method according to claim 20 or 21. wherein at least two oligomers having different seque^^^^^^^ 
hybridized simultaneously to respective selected membranes containing immobilized sequencing pat 

tems. 

23. The method according to any one of claims 20 to 22. wherein at least two membranes are 
simultaneously presented for detection of hybridized sequencing patterns. 

24. The method according to any one of claims 20 to 23. wherein at least two steps occur simulteneously 

on respective of said membranes. 

25 The method according to any one of claims 20 to 24. wherein an oligomer is hybridized to sequencing 
paSems immobilized on a first membrane at the same time that the hybridized sequencing patterns on 

> a second membrane are detected. 

26 The method according to any one of claim 20 to 25. wherein a first oligomer is hybridized to 
lequenS pa^erns immobilized on a first membrane at the same time that a second oligomer is 

synth sized. 

' 27 An automat d method for nucleic acid sequ ncing using a plurality of m mbranes. each membrane 
containing immobilized sequencing patterns, which compris s the steps of: 
predicting oligomers to be synthesized; 
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TO 



20 



25 



synthesizing at least two oligomers simultaneously: . ^ ^iv,o«,orQ. 

Sleeting at least one of said membranes to correspond to each of said synth sized ol'gomers 
hybrfS synthesized oligomers to the sequencing patterns immobilized on said selected 

membranes; 

detecting hybridized sequencing patterns; 

analyzing said detected patterns to construct a nucleic acid sequence. 

2a The method according to claim 27. wherein at least two said ^y^^^^'^^.^''^^."^^^^^^^ 

hybridized to the sequencing patterns immobilized on at least two respective selected membranes. 

29. The method according to claim 27 or 28. wherein the hybridized sequencing patterns on at least two 
membranes are simultaneously detected. 

30. The method according to any one of claims 27 to 29. wherein at least two steps occur simultaneously 
76 on respective of said plurality of membranes. 

31 The method according to any one of claims 27 to 30. wherein an oligomer is hybridized to the 
I^uenS pSems ilobilizL on a first membrane at the same time that the hybnd,zed sequencng 
patterns on a second membrane are detected. 

32 The method according to any one of claims 27 to 31. wherein a first oligomer is Jybndi^ef ^ 
laquenTng paSms immobilized on a first membrane at the same time that a second ol.gomer .s 

synthesized. 

33. An automated method for nucleic acid sequencing with a multiplex walking ^^^^IJ^^ "^^^^^^ 

of membrane units, each containing a membrane upon which multplex sequencing patterns have been 
immobilized, which comprises the steps of: 

oredictina a set of oligomers for synthesis and hybridization; „«,ia^toH 
set^g membrane units for hybridization with said predicted oligomers, each said selected 
membrane unit corresponding to one of said predicted oligomers; 

synthesizing oligomers of at least two different sequences simultaneously; 
eluting, purifying and labelling said synthesized oligomers; 
transDOrtina each labelled oligomer to a selected membrane unit for hybridization. 
hySS^iTd trSsported'oligomers to sequencing patterns immobilized on membranes con- 

tained within resoective selected membrane units; 

deteSng Se hybridized sequencing patterns on at least two membranes simultaneously. 

rjnTse^ spe«.d m,ml.,».e unit m, de.ee«on of h,b,ldlzsd sequencng pa»ms «, a 

third membrane unit. 

34 The use of nucleic acid sequence information generated by a method according to 

S-33. to prepare a nucleic acid molecule having at least a portion of its sequence based on said 
nucleic acid sequence data. 

50 35. The use of a nucleic acid molecule having at least a portion of 'ts ^^"ce b^^^* °" ""'^'^'^ 
sequence infomiation generated by a method according to any one of claims 20-33. 
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